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The contents of this report reflect the views of the Transportation
Laboratory which is responsible for the facts and the accuracy of
the data presented herein. The contents do not necessarily

reflect the official views or policies of the State of california.,
This report does not constitute a standard, specification, or
regulation.

The information in this manual consists of lecture notes for an
Air Quality Training Course given to the Transportation Districts
for the purpose of'applying statistical analyses techniques to
assess the impact of transportation systems on the environment.
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FOREWORD

A number of gtudies must be éompleted prior to the writing of
an environmental impact statement for a highway project. One
of these studies is concerned with the-gathering of air quality
fieid data, analysis of such data, and the writing of an air
quality report.

The California Department of Transportation has embarked on a
program of equipping and training district personnel to prepare
air quality reports. This requires a two-week training course
and the preparation of air gquality manuals to be used as guides
in the gathering of field data, analysis of results, and report
writing.

This manual is the tenth in a series of air quality manuals, the
titles of which are the following:

1. Meteorology and Its Influence on the Dispersion of
Pollutants from Highway Line Sources.,

2. Motor Vehicle Emission Factors for Estimates of Highway
* Impact on Air Quality. |

3. Traffic Information Requirements for Estimates of Highway
- Impact on Air Quality.

4. Mathematical Approach to Estimating Highway Impact on
+ Air Quality.

5. Appendix to Volume 4.

6. Analysis of Ambient Air Quality for Highway Environmental
Projects.
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7. A Method for Analyzing and Reporting Highway Impact on
Air Quality.

8. Synthesis of Information on Highway Transportation and
Ailr Quality.

9. Applications of Regression Analysgis to Environmental
Problems for Highway Projects.

10. Applications of Statistics in Analyzing Aerometric Data
for Transportation Systems.

It is assumed that the reader of this manual is familiar with
all of the above manuals and has a background in statistics.

At the end of this manual are listings of computer programs for
all statistical tests discussed.
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INTRODUCTION



"7 INTRODUCTION

The pfécedures outlined in this manual include both parametric
statistics, where the distribution of the data is a known
function, and nonparametric’ statistics, where the distribution
of thé data is'unknown. Several examples of both types are
included throughout this manual.

: These:statistical methods can be applied to all envirommental

data which can be quantified. Additional nonparametric statistical
" tests ‘can be used when the data cannot be quantified, but these
technlques are not included. The examples contained in this

manual all.deal with data which pertain to the environmental
problem of air pollution, although water pollution examples

would have worked equally as well.

It is assumed that the reader has a working knowledge of statistics.
Sultable preparation for the material in this manual is offered in
the Environmental Protection Agency courses:

801 - Basic Environmental Statistics

804 - Environmental Statistics--Nonparametric
“ 810 - Environmental Statistics--Applied
‘Regression Analysis

Acquifing environﬁental data is very costly and time consuming.
Most of the equipment required for this purpose is very expensive
to purchase and operate. Also, to ensure adequate data, sampling
must be performed under all types of field conditions in order

to cover the range of environmental exposures. Statistical tests
described in this manual can be employed in order to:

\



1. Determlne whether the data were collected during a "typlcal"
period based upon historical data (Chi~Squared test for
example) ,

2. Reduce the freguency and/or duration of sampllng to minimize
costs by: '

a. Determining if the project data are stétistically the
same as historical data collected at the site which
is removed from the project location (Catanova test
for example).

b. Determining whether other data sets collected nearby
are statistically similar even though different
sampling methods may have been employed (Regression
Techniques for example).

C. Using statistical inference coupled with historical
measurements of a related parameter to augment a
partial data base (Regression Techniques for example).

d. Determlnlng whether too much spatlal data is being
collected (Frledman Test for example).

Much of the data that must be evaluated during the process of
environmental impact assessment does not display the characteristics
of a "normal" distribution. For example, the distribution of
carbon monoxide concentration levels fof an entire year at a-

given site would show a few values at the high concentrations,

most of the concentrations at the low concentrations, and no
negative values. This is called a right-skewed distribution.

If the logs of the concentrations are inserted in place of the
arithmetic values, there may be a tendency for the 1 logs of the
values to approach a normal distribution.



If'EheHdistribdtigﬁjbf the data does not appear to follow a
normal“distribution, and a mathematical data transormation, such
as theilog transformation discussed above, does not appear to
follow a modified normal distribution, then nonparametric

' statistical tests are employed. Since the distribution of the
data is unknown, not as much information is available for the
statistical analyses. Therefore, nonparametric statistics are
not asfpowerful as corresponding parametric statistics.

The maﬁual begins with a review of basic concepts of parametric

statistics. Included are a discussion of parametric distributions,

estimation of central tendency, for both normal and lognormal
distributions, and estimation of spread of data and confidence
intervals for both normal and lognormal distributions. The
equations used to estimate these statistical parameters are
included. A brief comparison of parametric and nonparametric
statisfics is also made.

Part IT of this manual contains an example problem which is
used tﬁroughout the remainder of the chapters to illustrate the
applicétion of the various statistical tests presented. Flow
chartsfare shown which can pé used to determine when to apply
the vdiious tests. -

Part Ifi deals with applications of nonparametric statistical
tests.i‘Included in this section is & Table indicating when

each tést should be used and the TENET computer name of each
test. ?Also included are several example problems which describe
the usé‘of each test.

The next section, Part IV, deals with the use of regression
techniques, a parametric statistical method, which can be.
used to augment the data base. -




Part V describes the Chi-Square Test. The First part describes
the chi-square statistic and the rest of the chapter illustrates
the use of the statistic to evaluate whether data collected can
be assumed to have come from a "typical year".

Part VI deals with methods which can be employed to estimate

the worst expected background pollutant levels and typical
background pollutant levels which are added to microscale
modeling predictions. These values are then compared to

ambient air quality standards. Use is made of Larsen's Model

to perform this work. Several examples of this type of analysis
is included. |

Part VII illustrates a method which can be employed to estimate
not only the maximum and typical pollutant levels, but also

the entire yearly distribution of pollutant levels. This
technique makes use of regression equations to augment the

data base. An example problem is not included since it would
require too much space.

Part VIII deals with the statistical design of air quality
surveys., Included are recommendations on sampling technigues,
levels of analysis for rural and urban projects, and topics to
include when reporting results of statistical tests in technical
air quality impact repoxrts.

Part: IX contains sample TENET computer runs of each statistical
test discussed in the early portions of this manual., Inputs
and outputs are included for the user's benefit. The outputs
of each computer program are critiqued and the statistical
conclusions are discussed.



al homéwork problems are included to test the understanding
of the materiali ' The manual is concluded with a listing of each
compuﬁer program so that a user can refer to the listing if the
timeshare compﬁﬁér prints an error statement which refers to a
line number. Users who do not have access to the TENET system
can also add these programs to their system.

Sever
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" INTRODUCTION TO BASIC STATISTICS

The §rimary purpose in collecting and analyzing aerometric data

is to obtain a representative estimate of existing air quality

and meteorology within the project area. Air quality can have
considerable temporal variation depending on the meteorological
conditions and upon the growth of the community. The meteorological
conditions that significantly influence air quality are (1) wind
speed, (2) wind direction, (3) surface based inversions, and (4)
elevated inversions. These meteorological conditions must be
 considered when collecting and analyzing air quality data. When
usiné the highway line source dispersion model, the concentrations
of p@llutants are estimated for the most probable ag well as for
the ﬁprst surface meteorological conditions. This involves a
particﬁlar stability class associated with a prevailing wind
speeé5and direction. To obtain representative air quality data,
the samples must be cbllected under similar meteorological
conditions. This will make possible a statistical analysig using
" data‘taken from the same population.

The éurpose of this section is to review various statistical
definitions, concepts, and methods which are necegsary for the
undefstandihg and usages in analyzing, making inferences, and the
presentation of pollutant data. Detailed applications of these
basié concepts are illustrated in the remainder of this manual.

GRAPHICAL OR TABULAR PRESENTATION OF‘DATA

1. frréquency distribution. A frequency distribution is a table
‘which lists classes of data and frequency with which the data
“in the classes appear.

2. $Histogram. A histogram is a graph that represents the claas
frequencies in a frequency distribution by verticle rectangles.



3.

Frequency curve. A frequency curve is a smooth g:éph derived

by plotting the class against its fregquency and joining each
frequency point by a smooth curve.

Cumulative frequency distribution. Cumulative freqguency

distributions are constructed on either a more than

or less than basis. A graphical representation of this
distribution is called cumulative frequency curve. These
two concepts can best be explained‘through examples,

Example l. Carbon monoxide {(CO) pollutant frequency data

obtained from BAAPCD Air Monitor Station,
San Jose, California.

- FREQUENCY DISTRIBUTION

‘ Frequency From: Alma Street
CO hourly averages Dacember 1970, 1971
{ppm) ' Hours: 0700=-0900
17* 1
16 0
15 0
14 1
13 0
12 4
11 7
10 4
9 1
8 11
7 8
6 12
5 12
4 15
3 34
2 45
1l 16

*Note: ranking is performed from high to low values for later

use.
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Examgf;l.é_ 2.‘COnt1nuedfrom Example. 1.

50 ~ FREQUENCY CURVE
401
30

FREQUENCY

© 5 10 15 Y
Example 3. Continue Example 1. . X CO, ppm
L " CUMULATIVE FREQUENCY DISTRIBUTION "
Concentration : T Frequency Cumulative
Class (i) _ (fi) Frequency,

17 1 1

14 1 2

i 11 7 13

10 4 17

9 1 18

8 1l 29

7 8 37

6 12 49

5 12 61

4 15 76

3 34 110

-2 45 155

.1 16 171

n= 171
10



NUMERICAL PRESENTATION

1. Central Tendency

a. Arithmetic mean (oxr mean) (m)

] Definition:

m=X= %'éxa

Where Xl' Xz,..., Xn dencte a set of data
with n observations (or measurements) .

Compute the mean from a frequency distribution:

m-Z £ x

Where fi = frequency in class i = 1, 2,...., k classes.

Example 4. Use data from Example 1.

1CI6Y 42 (45) - + 7 |
m = 3 78 - 4.38
71

11



. b. ﬂlMedian.' The médiannban be obtained from a cumulative
curve. The median is obtained by:

(1) Locate or compute the 50% poxnt on the hor;zontal
scale (Y-axis).

(2) Draw a perpendicular line from the 50% point *o
intersect the cumulative curve. '

(3) At the lntersectlon, drop a perpendicular to the
vertical scale (X=-axis).

Example. :Continue from Example 3

E MEDIAN = 3.5 ppm
Q. ‘ .
B |
2
-9
i |&. |
10
-
<
l-l-l‘
(&
g )
S °
o |
O I : \
_ |
0 ] | i I
0] - 80 100 150 200
Y {mi = CO)

12



Ce Geometric mean'(mg)

Definitions: (1) For a set of nonnegative data,
le Xzyoocp Xn’

' ms = xi' xZ Xn'.‘:,_b!'

in logarithmic form:

B ]

m,j’e

(2) From é frequency table,

k
Ijz-ﬂgln X;
ﬂc,l
mg-~ € |

Where

K
n =ZF£
1

Example 6. Use Example 1 data.

16-ln 1445 In2 ... +1-in 17]
my - L 145 -1 345

13



“!Dispersion

‘AL Range. The rangé‘is the difference between highest and
. the lowest measurement.,

b.  Standard deviation (s).

Definition; (1) .

For a sample of n measurements,
Xyr Xpyrees Xn,

| A N
S= \/,,::3 S (x;-%)?
=1

~ (2) From a frequency table,

P e e TR )

nin-1)

K
Where n = :E 4}

e H iz
Example 7. Use‘Exampié 1 data.

S. = ‘\/ﬁ% [!6( 1 -438f+ ...+ 2017~ 4.38)’] = 314.

c. Standard geometric deviation (Sg).

—

(””)ﬂ-, 2
53 e ;} n m,) £

Where n = E £:
(=1
14



Example 8, Use Example 1 data.

3.

Sq

Confidence Intervals’

1=

Confidence interval for the mean of a normally

distributed population is:

(1) for large sample (n > 30),

(R-Zgr s 3+ 2% )

Where X = sample mean

The following table glves various values of Zq
corresponding to various confidence levels used

8 = sample standard deviation

g = the confidence level

4 = eritical value, and obtained from the
normal probability table (Table 1 on
Page 285) with the desired confidence

q

level given.

in practice.

/r%'a [tetin1-in1.24)*+.. + (Ing7-1n2.24)*]
T e :

Confidence level (azd

90

95

99

%q

1.645

1096

2.58

=2.00

For example, a 95% confidence_interval containing

the true mean of a pollutant in s Specified site

iss

| (X-19%3% » R+196 & )

15



"qu(iiT“FOr small sample (n<30)

o > ) - ® ...S_
(R'tcnq_vz,m J—s;;- s X+4¢149) /2, n-1 VR )

Where ti ym-l = critical value corresponding to
the confidence level q that is
evaluated for n-1 degrees of
freedom. It is obtained from

. the t- probability table (Table
2 on Page 286).

For example} a 95% confidence interval with 21
pollutant measurements is:

)

5;' 'Confidence~iﬁterva1 for the mean of a lognormal distributed
“  population is (n > 100):

v

- (%-2.086% s%+2.086

%?\ Where M, = geometric mean

g o

sg-= standard geometric deviation
j Z& = defined above

ﬁ'é sample slze

16




G. CONFIDENCE INTERVALS -

A NOMOGRAPHIC REPRESENTATION FOR THE CONFIDENCE
INTERVAL AND LEVEL OF SIGNIFICANCE IS PRESENTED BELOW.

100 6000 ~4— 10,000
: ac 5,000 T g 000
. . 4,000 -}
0 4~ 6,000
. 80 ‘ 3,000 —1— 5,000
40 ' ' T 4,000
- - 2.000 -—t )
30 - 3,000
0 . N
~ 2,000
[ 20 . 1,000 -3 ?
4 . : ‘ _ 800 —{
30 0 600 1000
- 2.4 100 — SO0
s 8 80 A 400-] 800 .
3 al:g 6 . 60' pH Fe00 @
T e S5 5§ 40 » 300500 &
» ) 4 3 , £ 200 T-400
© K1 -— -
o M=l 2 20 8 300 &
e » $ T - T 1., &
& 2 3 [ S — 200 <=
c L2 — 10 S 0
- ] = 100 — o
g' E s— 4 F3 8 ] O
= 5 166 2 § 80 ©
. £ 8§ _ 6F, 3 3 3 8
5 ot T % s 3 £ so--w00 3
8 Lros 08 § 5 & - ¢ so-f.e0 2
— tost-06 B V3 12472 E v P30 g
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© - . E . 2 - - o
1] c » & L04 0.4 = © - hid
£ oz o2 § £ 2 o _ .
] © 8@ © -,; 20 5
€ s 0z-4—02 B 8 o N
o
8 “® 8 g T o
1Ol -0l . ooy 2 g o
© 1008 0.08 : 0.08 o ' 4 3
1006 —— 0.06 0.06 g
1.005 —— 005 0.04 |
1.004 VU4 _
1.003 - 0.03 0,02 o7
. Lo ’ -
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3
1.001 0.0 . 3
. 4

Figure 1. Confidence Intervats for the mean of a pgroup of rancdom samples,

For & normal distribintion, use nembers on tight sides of center and leit scales. A straipht line
connecls relatcd volues of the confidenca interval (above and below the meae), the standard
deviation, anct the puniher of samples (n) in the proun for cither 0.9% or 0,93 confidence coel-
ficicnts (calcidated from the $._1 drstnbutions). I desired, the numbers on hoth tha standard
devialion scale and on the confidence interval scale may be multiplicd by the same factor (e.g.
0.1, 0.01, 0.001, etc.)

For a lopnorn.al distribulion, use numbors on left sides of center and left scales. A strainht line
connecls relaterl values of the confidence interval factor (with which to mulliply of Jivide the geo-
metric mean), the standard geometric deviation, and the same scales tor number of samiples in
the group. -

SOURCE: "Simplified Methods for Statistical Interpretation of Monitoring Data " by
B.E. Saltzman Journal of Air Pollution Control Association, Feb. 1972.
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uFor example, a 95% confidence interval contalnlng
the true geometric mean for Example 1 data on
Page 9 is

)= (3.1, 3-83

]

(3.45x 27" | 3.45 x2

A graphiéal method of determining these values is Presented in
Figure 4. The procedure is to divide the geometric mean by

the confidence interval factor for the lower value and multiply
the geometric mean by the confidence interval factor for the
upper va;ue- ‘

¢ Lower Value o Upper Value
3:25_ 3,11 | : =
T = 3.45 x 1.11 = 3.83

NORMAT, AﬁD LOGNORMAL DISTRIBUTIONS

Various ﬁheoretical distributions can be used to describe

pollutant conceﬁtrations; The most common and appropriate oneg

are the normal and lognormal distributions. The normal distribution
is characterlzed by two parameters - the mean and the standard
dev;atlon.

1. < The equation of the normal distribution curve is:

L5 )?

\*/' aq/'“' 6?2

iWhere mw= 3.1416; a constant
E e = 2,7183, a constant
o~ = the standard deviation, a parameter
At = the mean, a parameter
X = abscissa, measurement on the horizontal axis

'Y = ordinate, height of curve corresponding to
1 a value of X.
a 18



' 2. Fitting a normal curve to a frequency table, the
equation is:

L1 X=m)2
Y’s’:rz?-‘é’é( )

|

Where n total number of samples

m,s = sampled mean & standard deviation regpectively.

Example 9. Given the following set of pollutant data, fit a
normal curve to it.

. Concentration
in ppm 21314564 7! 8] 9| 10]11]l12 13l14f1s
Frequency 2131{414]|5]10|15{12 8|l 7| 6] 4] 4 1

LOGNORMAYL, DISTRIBUTIONS

1. The lognormal distribution is a positive skewed freguency
curve which has the same shape as a normal curve when the
concentrations are plotted on a logarithmic scale. That
is, the logarithms of the concentrations are normally
distributed. The distribution is:

1 x 2
1 —2In§'('"m ) g X>0
fixy= X-In Sq4/27 e : !

Where mg = the geometric mean

Sq

I

the standard geometric deviation
f(x)= the amount of concentrations in ppm at
each level of X.
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Exampile 10,

f(x f(x)
i | ;

1.2}

mg=1.0 sf=165

For ailognormal distribution, the arithmetic mean (m), geometric
mean (mg), standard deviation (8), and standard geometric
deviation (Ss) are related as follows:

| .5
Sq = e:-(lfnr‘(ﬁz/'"'*l)) ,

_L 2
my= mxe 2 (4n S9)

LOGNORMAL PROBABILITY PAPER AND PLOTS

The oﬁjective of this section is to show how to plot a set of
air pollutant concentration-data in a lognormal probability
paper* for the following two usages:

*For fﬁrther usages for analyzing air pollutant data, see

applications of Larsen's model for air quality analysis
(Reference 5). '
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(1) to test the asgumed lognormal distribution of
concentration data**, and

(2) to estimate the lognormal distribution parameters
(rn.g and sg) directly without the need for tedious
calculationg if (1) is true.

To test the assumed lognormal distributions, the steps
are as follows:

(a)

(b)

(c)

construct a modified relative percentage
cunmulative frequency distribution by 100 mi/(n+l),

where m, = cumulative frequency of measurements
in class i, (ppollutant coneentration),
n = total frequency, total humber of

easurements in a given set,

plot the relative cumulative values on a lognormal
probability paper (Figure 5 is an example of
lognoxmal probability paper). Concentrations (xi}
are plotted on a log ordinate and the relative
cumulative valuasg (Yi) are plotted on the abscissa,

if a straight line gives a close fit to the plotted
points, then the assumed distribution ig correct,
If the result is a curved plot, it indicates that
the assumed distribution is incorrect,

- **In testing the goodness~of~fit to an assumed distribution, the

21



' Figure 5

- LOG-NORMAL PROBABILITY PAPER
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Example ll. Test whether the data obtained in Example 1 is
’ log normally distributed.

Solution:
{(a)
co Cunulative
Concentration Frequency, m; 2 co
17 1l (1/172) (100)= .58
14 2 (2/172) (100)= 1.16
12 6 : " 3.49
11 13 " 7.56
L0 17 " 9.88
9 18 " - 10,47
8 " 29 " 16.86
7 . 37 " 21.51
6 - 49 " 28.49
5 6l " 35.47
4 76 " 44,19
3 110 " 63.95
2 155 : n 90.17
1 171 . " 99.42
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(b) PL o-rrwc; THE conccwmrfw VALusS rs. THE RElATIVE
CHMu¢..nrw£' VALuEe < ON A LoG-NormAaL PAPER

WM samses gos @ on

02 0.1 0.0
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i) 100
(e) '.A%?straight line gives a good approximation to the
plotted points; therefore, this indicates that we
can assume this set of data 1s log-normally distri-
buted



Estimates of m and 39 can be made directly from the plot when
the lognermal assumption is true by using the following
relatlionships:

mg = XBO’ the median, the concentration at the
50% frequency point on the line.
%16 '
33 = ¥=* the ratio of the 16 percentile to the
50

50 percentile on the line.

Example 12, To test whether or not‘the data - one-=hour average
CO concentrations at San Francisco in the period
of 1962 through 1968 - is lognormally distributed.
If it 1is, estimate the parameters, mg and 3 .

Solution:

Data obtained by Larsen:

Relative Cumulative
1 0, ppm (X) Frequency (%X 2 €O )
20 .01
18 « 10
13 ' 1.00
8 - 10.00
6 30.00
5 50.00
4 "70.00
2 90.00
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HYPOTHESIS TESTING

Hypothesis testing is the process of inferring from a sample
whether or not to accept a certain assumption about the
population. ' The assumption itself is called the hypotheses.

Examples:
1. Site 1 has higher overall mean Lgg noise level than Site 2.

2. The CO concentration at Site A is higher than at Site D for
the summer season.

3. The suspended sediment loads in the upper part isg lower than
‘Hig"the‘lower part of Stream X.

In each case, the hypotheses is tested on the basis of the
evidence contained in a random sample, and the final de01510n
is elther to reject or to accept the hypothesis.

The 9-step general procedure for the test of a hypotheéis is as
follows:

1. State the experimental goal.

2, 'State the statistical null hypothesis (H,)} and the alternative
(Hy). H_ there is no statistical significant difference, H

1
there is a statistical difference.

3. Choose the level of significance, ¢, the chance of rejecting

the hypothesis if it is true (the choice is set arbitrarily
but &K = 0.05 is generally recommended).

27



5.

7

9.

wa

"Choose an appropriate statistical test for testing the null
'Hypothesis (Objectives of this Course).

fFind (or assume) the sampling distribution of the statistical
~test under the assumption that the null hypothesis is true.

- Define-the region of rejection (critical region), those
;values of the statistical test which would cause the
srejection of the null hypothesis.

5Compute the valué of the statistical test from the sanple
"and see whether or not it falls in the rejection region.

‘State the statistical conclusion, a statement of acceptance
fbr rejectioh of the null hypothesis. If the value of the

‘statistical test falls into the rejection region, the null
:hypothesiS'iS“rejected; if not, accept the null hypothesis.

?State the experiemental conclusion in light of the acceptance
fOr rejection of the null hypothesis.

F:\ siéﬁificance level (&), is a level which indicates the
probability that the null hypothesis is correct or not correct.
Usually this is taken to be .05 which indicates that the
probability that the null hypothesis is correct exceeds 1.0 ~.05
or .§5. This means that 95 times out of 100, we made the right
decision, :

Significant is used in the statistical sense of the word and

means that the probability of the observed difference being

due to chance alone is equal to the level of significance.

Note: A difference may be statistically significant but not

physically important and therefore, not significant from a

practical point of view.
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DEGREES OF FREEDOM

Degrees of freedom (denoted'byzr or df, or D.F,) are equal to
the number of independent observations in the sample minus the
number of population constralnts which must be estlmated from
sample observations. o

For_example:

(i) For the t- statistle,V = n-1l, where we must estimate
M. s the population parameter,

1 .
(i1) For the X -statistic,V = n-1, the one df subtracted
was for estimating the population parameter 0%,

CRITICAL REGION

The rejection reglon is a region of the sampling distribution.
It is a set of all points in the sample space which result in
the decision to reject the null hypothesis. The set of all
points 1n the sample space not in the rejection region is called
the acceptance region. The location of the rejection region

is affected by the nature of Hl' Ir H indicates the predicted
direction of the difference, then a one—tailed test is called
for; otherwise a two-talled test is called for. One-talled
and two-tailed tests differ in the location (not in the size)
of the rejectlon region. A_one-tailed test has the rejectlon
~region at one end (or tail) of the sampling distribution. In
a two-talled test, the rejection is located at both ends of

the sampling distribution.

The size of the rejection reglon is expressed byek , the level of
significance. For example, 1fek= .05, then the size of the
rejection region is 5% of the area under the curve in the sampling
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distribution. One~tailed and tﬁoétéiied regions of rejection
forcC— +05 are illustrated in the following figure. Observe

that these two regions differ in location but not in total gize
(area).

o Aseertho | Reject He Reject | Accept 1. | meject
#o o

aregz= .025
area= 05 areaq= .0245
;‘.}ga

FA one-tailed region_of o ~ A two~tailed region of
rejection when o = .05 rejection when &£ = _05
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PARAMETRIC VERSUS NONPARAMETRIC STATISTICS

I. Parametric Statistics

!l.

2.

3.

Observations must be independent.

Observations must be drawn from normally digtributed
population.

These populations must have the same variance., -

II. Nonparametric Statistics

1.

5.

Data is continuous.

No assumptions made abéut distribution of data,
Observations are made independently of each other.
Most appropriate for non-random data.

Can be used for small sample size.

Disadvantage of Nonparametric Statistics:

1.

DO not usually use original data for inference.

Devices Used in Nonparametric Tests

l.

Counting of categories (+ and - signs),
Arrangement of observations in order of nmagnitude,

Assignment of ranks to such an order,
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5. Use of the quartile deviation instead of the standard
' deviation. |

ﬁéés ef Nonparametric Statistics

i;' Design of air quelity surveys.:
éi- Com;elation studées - meteorologicai wind roses.
h3f Presentation of data.

-NONEAﬁADIETRIc TESTING

Nonparametr:.c methods are considered "distribution free" since
they make no assumptlon with regard to the disgtribution of
measurements in the populat;on, whereas parametric methods,
such as the t tests and F tests assume normally, or lognormally
distributed measurements. - Two basic assumptions are associated
with most nonparametrlc statlstlcal tests: the measurements
are 1ndependent and the variable under study has underlying
contlnulty. When we wish to test whether or not two - -samples
‘are from the same populatlon using nonparametric tests, we are
generally interested in the "location" difference. One method
of dlscoverlng a possible difference in location between the
two sampllng distribution curves is by use of the medians.
Another Jnethod is by the predominance of higher values in one
sample than in the other. Most nonparametric tests are based
on ranks, 31gns, Or groups.,
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Wilcoxon Test

1.

10.

We wish to know if the two related samples come from
the same population.

Hy: Two samples are identical with respect to
their locations.

Hy: Two samples are different.
Choose £ = 0,05,

Calculate d; =X "Y:‘, the signed difference betwéen
two measurements X; ,Y:

Rank these di without respect to gign. When ties
occurred, assign the average of the tied ranks.

Affix to each rank the sign (+ or -) of the
which it represents.

Use statistic W = the smaller of the sums of the
like-signed ranks.

Determine n = the total number of d's having a sign.
For n £ 20, rejection regions are W We, and W > W,,.,z
from Table 5 for a given significance level. Reject
H, if W falls into the rejection region. For n » 20

use normal approximation.

State the experimental conclusion.
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. Exgmpié 13

-CO concentratlons are measured at two sites for six different
days in the morning per;od The data are recorded as follows:

Hour © Site 1 | Site 2

~ |0600-0700 | 7.1] 8.2} 6.0[7.1]7.9| 8.1 § 7.5|5.0] 6. 7.0[7.8]6.0
0700-0300 | 6.9[ 7.8| 9.2|9.4/9.4) 9.8 | 7.5|7.7|8.1[7.6]7.8|9.0

0800~0900 | 5.1] 5.2 5.6(6.2[6.4 | 7.0 7.1|6.8[6.4/6.0{6.6

Ut
LI
o

Anaiyze the problem with a Wilcoxon signed-rank test.

Solﬁtion:
gistegs;
%7(2)‘ Hoiif. N§ difference in o concentrations between
: ' Sites 1 and 2,
‘Hl:f’*z There is some difference.

. (3) Choose o = ,05.

-
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(4)-(6):

(7)

(8)

(9)

Site
1 2 Rank of Rank with lessg
Hour| (X) | (¥) ]d = X=¥ =1 Frequent sign
1 7.11 7.5 - .4 -3 8
8,2 | 8.0 + .2 4.5
6.0 6.2 - .2 ""4.5 4.5
7.1} 7.0 «1 1.5
8.1.] 7.8 «3 ?
7.91 6,0 l.9 17
2 6.9| 7.5| - .6 -9 9
) 7-8 7.7 .l 105
9.2 8.1 l.1l 13
9.4 | 7.6 1.8 15
9.4] 7.8 l.6 14
9.81 9.0 o8 10.5
- 5-2 7.1 —'1.9 —17 . 17
5.8 6'8 -'loo -12 12
5.6 ;‘6.4 - .8 "10.5 1005
6.2 | 6.0 ) 4.5
6.4 6.6 - .2 - 4-5 4-5
Z=w= 82,5
n =18
W o5 = 41 ) \
W 975 = 130 ) From Table 5; Accept HQ.

From the evidence of the sémples, there is no reason
to reject the hypothesis that the sites do not have
the same CO distribution at the 5% significance level.
Other nonparametric testing procedures can be obtained
in References [7] and [8]. '
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FLOW CHARTS FOR

STATISTICAL ANALYSES
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Thé general problem presented as Figufe 1 will be usged later

in this manual to demonstrate all the statistical techniques
presented. The steps required to perform a meteorological
survey are outlined in Figure 3 "Flow Chart for a Meteoxologlcal
Survey". The procedures required to perform this work are-
described on following pages. The steps required to perform

an ambient air quality survey are outlined in FPigure 4, “Flow
Chart for an Ambient Air Quality Survey". The procedures
required to analyze the above are also described on the follow-
ing pages. Refer to Manuals Numbers 1 and 6§ for more information
regarding meteoroogical or ambient air quality surveys.

The general thought processes for an air gquality study that
should be followed, as suggested by John Grisinger of District
07, Los Angeles, are outlined in Figure 6., The top line is

for a meteorological survey. The steps "correlate meteorological

-data" and “extrapolate to determine meteorological parameters
- for project areas" are expanded upon in Figure 7, The bottom

line of Figure 6 is for an ambient air quality survey. The
steps "correlate air quality data" and "extrapolate to determine
air quality parameters for project area" are explained in

Figure 8, It should be emphasized that no air guality data
should be monitored unless sufficient meteorological data is

available to help explain the variations in the data.
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PROPER INSTRUMENT EXPOSURE,

LLOCATE ALL EXISTING
METEOROLOGICAL SOURCES WITH

g

LOCATE METEOROLOGICAL
SOURCES ON TOPOGRAPHIC MAP
ALONG WITH TERRAIN FEATURES.

YES

ARE
METEOROLOGICAL
SOURCES REPRESENTATIVE
OF HIGHWAY
RO?UTE

3

ESTABLISH INSTRUMENT
CORRELATION' WITH CLOSEST

1 METEOROLOGICAL SOURCE FOR

POSSIBLE LONG TERM CORRELATION,

!

COMPUTE WIND ROSES
ASSOCIATED WITH
TRAFFIC CONDITIONS.

:

PLOT SURFACE
WIND STREAMLINES.

Figure 3.

YES

USE HAND HELD WiND SYSTEMS TO
LOCATE MECHANICAL WEATHER

STATIONS.

BEGIN ACCUMULATION OF DATA FROM
MECHANICAL WEATHER STATION.

IS
THERE
CORRELATION WITH THE

¥

REDUCE MEASUREMENT TIME
BY USING HISTORICAL DATA.

!

SUPPLEMENT MECHANICAL WEATHER
STATION WITH HAND. HELD
WIND SYSTEM.

CLOSEST METEQROLOGICAL
SOU?RCE

NO

MONITOR SURFACE WIND FOR AT
LEAST ONE YEAR.

1

SUPPLEMENT MECHANICAL WEATHER
STATION WITH HAND HELD
WIND SYSTEM, .

COMPUTE WIND ROSES ASSOCIATED
WITH TRAFFIC CONDITIONS.

A

PLOT SURFACE
-WIND STREAMLINES.

FLOW CHART F?&-‘A METEOROLOGICAL SURVEY



LOCATE ALL EXISTING LOCATE ALL EXISTING
AIR MONITORING STATIONS { METEORCLOGICAL STATIONS
8 PERFORM TREND ANALYSIS. AND DETERMINE WORST

METEOROLOGICAL CONDITIONS.
|

¥
DETERMINE POSSIBLE

NUMBER OF SAMPLING SITES
{HOMOGENOQUS AREAS).

REVISED NUMBER OF
| SAMPLING SIiTE BASED ON
AVAILABLE MANPOWER.

AVAILABLE
MANPOWER
REQUIREMENTS,

LOCATE BAG SAMPLES
S FEET ABOVE GROUND: G
SURFACE AT EACH SITE.

¢

MAKE FIELD MEASUREMENTS
| 8 CORRELATE WITH AIR
"MONITORING STATION.

DOES
CORRELATION
EXIST ?

NO

YES

BAG SAMPLING TIME AT
EACH SITE MAY BE REDUCED
‘] 8 CORRELATED WITH

| HISTORICAL DATA.

v .
MAKE EXTENSIVE FIELD MEASUREMENTS TO l
ESTABLISH AMBIENT AIR QUALITY FOR YEARLY CYCLE. l

v

' ANALYZE 8 SUMMARIZE THE
1 AMBIENT AIR QUALITY DATA.
|
Figyré 4. FLOW CHART FOR AN AMBIENT AIR QUALITY SURVEY
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'NONPARAMETRIC STATISTICAL TESTS
AND
. APPLICATIONS
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Wind'kogé%Cor}elatibh (Catanova Test)

LAX

O
™
N
<

\
)

®
MWS

"AIRPORT

Rﬁfposé: 
l. 'Réduce the use of mechanical weather station (MwWs).

2, Use one station for the meteorological inputs into
mathematical model. '

3. In general determine redundant information statistically.
Compare wind roses for all stations for July 0700 - 0900
1. Wind sSpeed

2. Wind directions

Hé: There is no significant difference in the distributions
' of wind speeds and directions for all three meteorological

sources between the hours of 0700 - 0900 for the month
of July.

HA: Hé 1s not true.
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DIRECTION

AIRPORT

N

NNE

NE :

ENE

ESE

SE .

SSE

SSW

SW

WSW

NW

Calm

Catanova test requires frequency

Obtain the
Qccurrences for
directions from
computer'program
outputs. (See Pg.118)

Ho1t Blppy=(4) p1p(9) MIR
Hy 2 (8) g™ () o= (8) MBI

distributions of wind directions.

WIND SPEED

LAX

AIRPORT

MWS

0=~3 mph

4-7 mph

8-12 mph

13~18 mph

129—-24 ‘mph

> 24 mph

‘Both Hol and H02 must be true to accept Ho'

47

Obtain wind speed
occurrences from
computer program
outputs, (Sea Pg, 118)



U EXAMPLE Nd.ﬁ15zyéém§ari§on ofrstability Classes (Catanova)

Same as Example No. 14 (two metheorological sources). Compare

stability classes for December 1972, January 1973 and February

1973 for

measured

Purposey

0700-0900 hrs. Assume cloud cover and ceiling height
at both airports.

Determine if monthly data can be combined in computer
program for the winter  season.

There  is no significant difference between the
distribution of the Stability Classes A through F
for December, January and February for 0700-0900
hrs. for ILAX and Airport,

'Ho is not true.

LAX ATIRPORT

o E (o o jw [

- Obtain occurrences from computer\programs WNDROS ox STARZ2,
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EXAMPLE NO. 16:

Air Quality Survey (Friedman 2-Way ANOVA)
Spatlal Dlstrlbutlon

LAX

3 @
S\ |
) \O ® v ®

AIRPORT
Purposes:
1.

In general statistically determine the redundant
sampling sites.

2.

Eliminate redundant information as inputs into
mathematical model
R

H -

Reduce manpower requirements.
o

There is no significant difference in the
spatial distribution of CO for all sites

H

between the hours of 0600 to 1000.
At Hy

is not true.,
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- Spatial Distribution

TIME SITE 1 - SITE 2 SITE 3 SITE 4
0600-0700
0800~0900]
0900-1000

‘Rank data among sites,

Must also apply Friedman 2-way ANOVA for mid-day and
evening hours or other time periods of interest before
eleminating a site.

ﬁhy?

For rﬁial highway projects this is a valid approach to Justify
sampling at fewer sites and thus reduce costs provided the
analysis-was made on the entire daily sampling. The same applies
for urban projects as well. However, if area is politically or
environmentally sensitive you may want to consider monitoring in
all hoprs regardless of statistical outcome and costs,

For a_iural pProject where the maximum values are genherally small
(<4 ppm), analyze the data using Friedman test for the entire

day. If no significant difference is obtained there is justifi-
cation: for not sampling every site. This can minimize field costs.
Special consideration should be given to monitor the sites that
neasure high values.
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EXAMPLE NO. 17: Air Quality Survey Friedman 2-Way ANOVA
Temporal Distribution

Given:

A "Blanket" two week quality survey was made from 0600 to
1900 hours.

L [ 77
£ 7

Determine:

‘l.e If it is hecessary to sample every site.
2. If it is necessary to sample every consecutive hour.

3. Re-evaluate and design an adequate air survey to meet
objectives above if pessible.
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LI W Firéf must determine that there is no significant difference
| in €O spatial distributions at all sites for the daily
'samﬁling period (Example No. 16). If there is a gsignificant
.w?difgerence.must monitor all sites based on the analyses.
'If ﬂot, consider £he temporal distribution as discussed
below. |

B. Néxﬁ} apply Friedman 2-way ANOVA as follows:

Ho:ilco concehtfatioﬁs do not change significantly with
" time for Sites 1 through 4 for the day(s) sampled.

“H_ is not true,




Temporal
Time (Days)

Site 0600-0700 0700-0800 0800-0900 m—— l700—180d

B o

Rank data among sites

If you accept the null hypothesges (Ho) in Parts A and B above using
the Friedman 2-way ANOVA, then there is justification for not
sampling at every site for every hour of the daily sampling period.

Example:

Sample 2 hour during AM and 2 hours PM etc. The revised sampling
pPlan depends on manpower, equipment available, and sensitivity
of project,

This is a good approach for rural projects to reduce sampling.
However, one must consider seasonal variations in meteorology
that influence air quality. This anélysis should be made for
different meteorological conditions to assure that the temporal
and spatial distributions do not changé.
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EXAMPLE NO. 18: Comparison of APCD Continuous Monitoring
vs. Bag Sampling (Wilcoxin Matched Sign Test)

H:: There is no smgnlflcant dlfference in APCD
one~hour average concentration vs. Bag Sampling
for one-hour.

O

(co) = {Co)

APCD BS

H:: H_ is not true.

(CO) (CO)BS

CAPCD.

TIME APCD BAG SAMPLING
0700-0800
|0800-0900
0900-1000
1000-1100
1100-1200
12001300
1300-1400
1400—1500

- If the' dlfference in co comparlson abOVe is + 1 ppm, for the "real
© 1life world" there is no 31gn1flcant difference regardless of the
statlstlcal outeome.

" Tor thi% type of analysis it is very important to assure that
" both AﬁCD and Caltrans calibrate their equipment before the
comparison is made to avoid improper interpretation of results.

It is recommended that this comparison test be made at the
beginning of the sampling period, midway, and at the end of
monitoring for a complete consistency check. This test should
cover peak AM and PM traffic hours along with off peak traffic
to compare high and low concentrations.
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REGRESSION ANALYSES
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‘EXAMPLE NO. 19: Prediction of Pollutant Concentrations

@ @ | ®@ @

APCD

*"Purgoéé:

Randoﬁﬁsampling evefy‘3wdaYS. Regression techniques will allow
prediction of pollutant concentrations at sltes for days not
sampled., ' '

'ébo)l atb, (APCD) (Simple linear regression)

atb. (APCD) + ¢ (—L-)

(c0)
. -:;:I 1 [

tl

(ﬁd)i a+b. (APCD) + ¢ 0{%—) + d (ceil. ht.) + e (ecloud cover)
try log transforms. Why?

a; b, c,d, e = régression coefflcients.




Computer programs will determine regression coefficients.

It may be desirable under certain circumstances to-include
time, "t" as an independent variable.

(CO); = a + b (APCD) + C (—2) = a()
U

It must be emphasized that the boundary condition for the
data base used to determine the regression coefficients must
not be exceeded in future predictions.
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EXAMPLE NO. 20: Wind Correlation

Mws
| @ AIRPORT
®

Procedure:
i; Use CATANOVA. test to see if there is a statistical
: difference in # and U. If no difference, there is
no need to use the regression techniques.

Accept Ho

*ﬁ} - Accept HA‘ Usé regression techniques.,

Wind ébeeds:

_a.‘-i- bU2-
=g 4+ bﬁé-+ CH “H = inversion base
ﬁ;= a + bﬁé * cH + d (cloud cover) + e (ceiling height)

Wind'Directions

= a + bg,
) ¢%-= a + b¢2 + cﬁf- H ékihversion base
¢i«= a8 + bg, + cH + d (cloud cover) + e (ceiling height)

. try log transfo;ms

lz-Thls regreSSLOn eguation can posszbly explain the difference in
pollutant concentrations when U and # is used in the mathematical

model. - Also to explain why background pollutant levels change
‘from locatlon 1l to location 2,
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EXAMPLE NO. 21: Air Quality Survey = Mini-Van Random Sampling

®©

A~ T @
APCD

Purpose: Develop prediction equation for O3 for days not sampled.

This approach may be especially useful if a high 03 concentration
is measured at the APCD station when not sampling at the site.

O
I

a + b (APCD)
O, = a + b (APCD) + ¢ (—i-)
G

a + b (APCD) + ¢ (—f‘:—) dH
U

Q
Ii

Try log transforms. Why?

Time may also provide a better prediction for 03 because of the
diurnal variation of 03.
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EXAMPLE NO. 22: “Correlate APCD Sampling and Bag Sampling

%

APCD CO, ppm
o |

Y=0a+bx

slope =b
intercept =q

— el

BAG SAMPLING CO, ppm

For a perfect correlation - (1 to 1) the line of best fit is a

45 degree llne pa551ng fhrough the origin,

Proceaurei

b-b

= = H

L. ¢t 5, H s
a-=a

e 0 -

2. t = Sa H,z

if'a # o 'then a systematic error,

b=

el
]

1 (45° line)

© (Zero intercept)

Note:. 1. If the range of data is less than + 4 ppm or the

number of observatlons is less than 15,
analysmsfmay give misleading results.

parametric test (Wilcoxin Matched Sign Test).

Example No. 18.
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CHI-SQUARE TEST
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“"GOODNESS-OF-FIT TEST

In mahy practical apblications, we often assume that the population
data follows a theoretical distribution such as normal or lognormal.
Any assumed theoretlcal distribution for the population may be
questioned., A method for checking the validity of this assumed
distribution is the Chi-square goodness—of-fit test.

‘This test is used to
distribution fits an
data.” The procedure

frequencies from the

the "gssumption" and
between,them.

determine how well an assumed theoretical
empirical distribution obtained From sample
is to make a comparison between the observed
sample and the expected frequencies under

to measure how much discrepancy exists

By foilowing the general test procedure, outlined in the "Hypothesis
Testiﬁg Section" we have the following:

i. ,§tate the experimental goal.

2. State the stéﬁiSficaIinull hypothesis,

3. Choose fthe level of slgniflcance,ac, the chance of
reaectlng the null hypothesis when 1t is actually true.

b, éhoose an éppbopriate’statistical test for testing the
ﬁull hypothesis.

(the test statistlc for the Chi-square
goodness-of-fit test is Chi-square)

Z sOL“es)‘

c*l
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G

the observed freguency in the ith class.

Where Oi

e. = the expected frequency in the ith class,

caleculated according to the assumed
" theoretical distribution.

i = 1, 25..4,b classes or events
The sampling distribution 1s the Chili-square, with
af = b-1-k, where k is the number of parameters
used in estimating the expected frequency.

z‘> ) %

The rejection reglon is X 2 X | ~—oc, df

Compute the test gtatistic value from a random sample.

T
If computed :[ falls into the rejectlon region, reject
H,s if not, accept Ho'

State the experimental conclusion.
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To determine if a éam

pling beriod (vear,
Tepresentative of the

past historica;z records (years,
months, ete,),
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Given:

Ten yeafs of historical meteorological data is available at the
aipport on a continuous 24 hour'basis. For the proposed route

‘AB 1t was determined that an additional weather station was

needed to supplement the exlsting data at the airport to determine
the temporal and spatial distributions of the surface streamlines.
The weather station was in operation for a one year period. Local
newspaper reports and environmentaliét'indicate that the year

the MWS was in operation was not a representative year because
wind speeds were generally stronger than past yYears. They also
indicate that the weather front movements in the region changed
significantly over the past year, changing the general surface
wind directilon.

H,: Determine if the frequency distribution of wind speeds and

directions measured at the airport are representative of the
past ten years of hilstorical records.

HA: 'HO is not true.
Scolution:

Use of Chi-square test.

Since air quality changes seasonally (summer 03; winter co, HC,,NOX)

it is best to analyze U and ¢ on a seasonal or monthly basis. For
this analysis use data at airport.
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,ei 04 seasoh'(sumﬁertend fall) O3 most critical 1200 - 1600.

Compaée:
(T) Summer vs (U) historical summer Seasonal or
9 o - | monthly for
(g) summer vs (¢) historical summer specified hours

‘21 For primary pollutants (co,” HC, NO ) most critical AM and
PM durlng winter season.

cOmpéﬁe:
Cﬁf-ﬁinter vs (U) historical winter Specify hours
,; and season or
:{5) winter vs (¢) historioal winter months

In order to be absolutely certaln that a "typical" year was
observed, all of the followmng variables must be examined:

1;? Wind speed

;2: Wind direction

Stability

Wi

4. Inversion base height - soundings or aircraft measurements,

5; Incoming solar radiatioh (the temperature can be used

as an estimate)
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If the frequency distribution of all the variables are not
significantly different from their historical counterparts,
then a typical year was observed.

It may not be possible to obtain all the above data. Consider as.
many of the above variables as possible, Be sure to indicate what
variables were used. This discussion should be included in the
portion of the report dealing with meteorology. '

Obtain wind speed frequency, and wind direction frequency, data
from the computer printout of programs WIND2, STAR2, or WNDROS.
Consider the overall wind rose (class 9) because we are concerned
with the general meteorological condition over a large time period.
Stability frequency data is obtainable only from STAR2 or WNDROS .

Data on incoming radiation may be available from local APCD's.

If not, the temperature can be used to estimate this parameter.
However this is not a good estimate if either the aerosol content
or the water content of the atmosphere is high.
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DETERMINATION OF WORST AND TYPICAL
- BACKGROUND LEVELS




INTRODUCTION

The determination of the highest expected yearly pollutant
concentrations for any averaging time will typically involve
the use of Larsen's model., Larsen's model extrapolates the
maximum yearly concentration for a pollutant-concentration
distribution with a one year base to that of a known
distribution with a smaller base (for a constant averaging
time) . Secondly, the model allows conversion from a known
distribution for a particular averaging time to a distribution
for any other averaging time for comparisons with air guality
standards. |

Specifically, Larsen's model can be used for the following

purposes:

1. For carbon monoxide especially, using observed field
data:

" a. To predict the maximum annual expected one-hour
concentration for the present year, the estimated
time of completion (ETC), and the estimated year
of completion + 20 years (ETC+20).

" b. Predict 8 and 12 hour annual maximum expected carbon
monoxide concentrations both in the microscale and
mesoscale region under various alternates for
transportation schemes (i.e., various projects and
"no-build" alternatives). |

2. Make maximum utilization of observed field data in prediction

methods for ambient background concentration values.
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1.

,or photochemlcal pollutants such as Noz, 03, and HC where a

'fphotochemlcal simulation model is not used or aVallable, and

sampled data is- avallable, to predict ambient background

_values based upon the sampled data and to predict ambient

concentratlons under dlfferent alternatives.

;Utlllzatlon of “scarce" data and APCD historical data to
;predlct ambient concentrations.

To predict frequencies of occurrence of maximum concentrations

.for any averagint time. The number of exceedances of any
standard can also be predicted for any averaging time for
any pollutant. '

Reasoﬁs for using Larsen's Model.

ﬂarsen's Model is an EPA recognized mathematical model of air .
duality measurements and is an EPA publication., Dr. Larsen
works with the EPA at Research Triangle Park, North Carolina,

“and is the author of AP-82, A Mathematical Model Relating

Air Quality Measurements to Air Quality Standards.

ﬁarsen's model provides an easily handled mathematical model
for predicting pollutant concentrations. It is based upon
the assumptlon that all air gquality pollutant concentration

‘measurements are log=-normally distributed. Although some

sets of data depart from lognormality, use of the log-

-normal dlstrlbutlon is recommended because most aerometric

pollutant data tend to fit this distribution better than
any other.

Although Larsen's model may not prove to be the ultimate tool

for predlctlng ambient concentrations of aerometric pollutants,
lt is now acceptable, available, useable, and verified,
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especially for urban areas, and appears good also for rural
areas. (There is no definition of an urban area ¥s. a rural
area, but preliminary indications in California indicate
that it holds practically everywhere.)

4, To demonstrate future applications and utilization of Larsen's
model for sampling procedures, precision of sampllng, confidence
bands of data sampled and Predicted, and the rellablllty and
accuracy of the measured and presented data in an air quality
impact report.

Larsen's model is the result of years of work by Larsen and his
associates at EPA., The earlier versions of the model as discussed
in these notes can be followed in the technical journals for over
the last ten years. The model was verified and compared with
measured values for seven gaseous pollutant concentrations obtained
during continuous sampling for up to geven years in eight cities

to obtain methods for predicting concentrations for various
averaging times. Two of these cities were Los Angeles and San
Francisco., The student should become familiar with the text of
Larsen's Report (AP=-89).

Larsen Model Characteristics:

The assumptions inherent in Larsen's Model are the following:

1. Pollutant concentrations are log-normally distributed for
all averaging times (i.e., cumulative percentile data plot
as a straight line on log-normal probability paper).

2. ' Median concentrations are proportional to averaging time

raised to an exponent (i.e., they can be plotted as a
' straight line on log paper).
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3. ”:fhe arithmetic mean concentration is the same for all
-~ averaging times.

4, ﬁaximumrconcentrations are approximately invexsely

' proportional to averaging time raised to an exponent.

5. For the longest averaging time calculated (usually 1 year),
the arithmetic mean, geometric mean, maximum concentration,
and minimum concentrations are all equal.

Usrng the above assumptions, Larsen developed equations to

Dredlct pollutant parameter characteristics regardless of the
averaglng time used,

The required statistical parameters are:

Geometric mean, mg, or arithmetic mean, m
2. Standard geometric deviation, s

3. Maximum concentratlon expected once-a-year for a

particular averaging time, cmax

4, Frequency distribution of expected pollutant concentrations,
{(i.e., log-normal).

Wheh utilizing Larsen's Model, the mean value, m, can be thought of
as theirepresentation of the pollutant burden or some proportion
thereof which is relatively constant over a period of time
(perhaps a year or two). The standard geometric deviation, s _,

can be“thought of as a function of the meteorology of the area,
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Speed as a related bParameter, Perhaps the dlagram shown below
¢an help explain Larsen's Model and the various elements of the

model which we would normally use.

LA Ust — | m = aRrTHEETIC
RANSPURTATION 1 EdiuT HEAH -
TRANSPURTATLOH ELEHENT ,
ANSPURTATLOH T, 30% CONC, FREQUERCY
OTHER P DISTRIBUTION
=~ | Mg = GEOMETRIC _
POLLUTANT TRANSPURT MEAN AVERAGING

M e N e : TIME

METEOROLUGY OF AREA Mg = GEOMETRIC

= - MEAH
WIND SPEED (IWVERSED) S = STANDARD
- GEOMETRIC MAXIMUM

DEVIATION CONC

LLARSEN'S
MODEL

Larsen's model is unique in its averaging time analysis. Other
averaging time analysis techniques have been suggested by Turner

and Hino, but will not be discussed in these notes,
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Data Presentation Using Larsen's Model and AP-89

It is;suggested, as a minimum, that when using Larsen's Model
the following be included in the data presentation:

l.

2.

3.

ﬁabular summary to include:

a. distribution of observed data--ranks, categories, etc.
fb. arithmetic mean, (m)

;c. geometric mean (mg), with confidence interval if

available

fd. pumber of samples and sample dates and times of-

samples

B standard geometric deviation (sg)
_Graphical summary, to include:
?a. histogram or frequency curve

~ be plot of data on log-probability paper uging cumulative

frequency

L) show mg, sg, and maximum concentration for

averaging times of interest

Tf hourly data is presented for CO for instance, predict

g and 12 hour averaging times concentrations and give

comparisons to observed data of same time period(s) where

2 available.
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For- example the following data were observed in the field in the
winter of 1972-1973 during December, January and February: 55
hours @ 1 ppm; 148 hours @ 2 ppm; 65 hours @ 3 ppm; 45 hours @

4 ppm; 15 hours @ 5 ppm; 3 hours @ 6 ppm. (This is actual field:"'

data.)

ppm No./0cc. Rank cums¥ Gumbelg £f 3

6 3 1-3 .91 .90 .181~.79
5 15 4-18 5.43 5.42 1.09-5,32
4 45 19-63 19.03 18.98 5.62~18,91
3 65 64-128 38.67 38.55 19,.34-38.55
1 55 _ 277-331 100.0 99.70 83.69~99,82

< =331

Example 23a:
Hand calculations using Larsen's Model:

Using Larsen's methodology for non-continucus data
(Reference Page 32, AP-89).
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u

2.48 Max Observed Value = 6 PPM
Ranks 1-3
Median Rank = 2

" Arithmetic Mean

. =100 (r—O.Lf') - 100(1-6)

n 352 = 0.4833
A(2):= 0.4952 2 = 2,59
s o exp 5}-[22-2 1n £1945 }
giii M . .
= exp {2.59~[2;592—2 1n §r10-5¢
- exp‘{2.59uts.72-2(0.884)]°°5]
= exp {2.59~2.22}
= exp §0.37}
Sgq §=-1545 | |
My = o/sh = ©/1.452°59 < 6,5 60 = 5,09 ppu
= ' (from ¢ = Mgsg

Confidence bands about median or geometric mean from prior notes
- (Saltzman Chart)

95% Confidence bands +4% = + ,09 PPM;

99% dpnfidence bands +5% = + ,11 PPM

.. 81 e e

C wo = 2,29 (1.45)3' = 9.45 PPM<= Report only significant

max hr - digits but hold one extra
place during computations

S,g = 1.39 (Table 14, AP-89)

Chaxg = (2-75) (2.48) = 6.82 ppi (Table 14, AP-89)

Bﬁgg‘z from table #11, AP-89
Mg8 f— 6.82/(1:39) o= 2.34 PpM
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Example 24:

Compariﬁgﬁfield-site to APCD -~ Short Duration Sample

Presented here is a method for estimating yearly freguency
distributions of pollutants at a project site or corridor based
upon limited sampling on the site, but where an APCD station is
nearby and a comparison can be made of the observed concentrations
on the project site and the APCD station at the game exact times.
The methodology suggested appears useable for several pollutants
including oxidants and carbon monoxide. It is suggested for use
where no better information is available and time does not permit
extensive sampling.

The basic advantage to this method is the possibility of shortening
the sampling time by pertinent observations. The following steps
are suggested to implement the method: '

1. Sample at the site representative of the project for a month
' or longer, preferably longer. Sampling need not be continuoué
but should be done with some high degree of frequenéy. A high
: percentage of the available hours in any time period should
be sampled to increase reliability.

2. -~ Compare the standard geometric deviation and the arithmetic
"mean of the project site with the nearest APCD for exact
" same period. Use Larsen's Model with non-continuous sampling
" to solve for sg,'mg, and m. Always plot the results of the
sampling as simple superposition may show the relationship
-of the site to the APCD station and further calculation may

 be unnecessary.

3. Compare the site and APCD sg and m and calculate ratios
between the site and the APCD for the observed data sampling
time. Using these ratios and past data of the APCD station
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'eg;‘mé,*and'ﬁ'éaléﬁlafe'the estimated annual frequency

'distribution of the pollutant at the site.

ﬁSed in this method is that the sé
be too great, i. e., similar meteorology exists and seasonal
meteorological variations are small between site and APCD.

The foilowing hourly CO data were obtained at a project location

duringfthe month of December :

One hour o) samples obtained in December @ site #1 and APCD

difference should not

'Statlon.
Site #L APCD
Year Month Year { Month
m ——— - *3,0 .0
s l.7 *L,.6 o5
g 1

*Denotes.available higtorical data.

1. Plot the data (use. MATHISTO computer program) to test for

lognormallty.

2. 'Site #l's annual arithmetic mean, m, and standard geometric

deviation sg, can be estimated as follows:

m= (3.5) (3.0)/4.0 =

Sg =" (1.7)

2.62 ppm
(L.6)/1.5 = 1.81 ppm

This is just straight proportioning.

The assumption




CONCENTRATION, ppm

The maximum expected l-hour CO concentration can be estimated

as follows:

Using equation #11 on Page 10 of AP-89:

m_ = m/exp(0.5 lﬁzsg)

g
= 2.62/exp(0.5 1n%1.81)
= 2,20
Ty
' z
cC =ms s
g g

0
M

max = (2-20) (1.81) 3+81 = 211 pome-annual expected
' one-hour maximum
concentration at
Site #1

Crigwp = 241 ppm

N W poOoo 0O

AN Capcp, max= 15 ppm

I O T T TS N L 11 1.1 1

05 05 5 10 30 50 80 05 995
CUMULATIVE FREQUENCY = ORDINATE VALUE
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;fhiS'meihbddlogy-tékes advantage of the Larsen's Model assumption
that the averaging time arithmetic mean is the same for all
averaging times and that the one-hour arithmetic mean approximates
the 30 percentile for a lognormal distribution. The arithmetitc
mean is a function of land use and this should be accounted for

in any future calculations of emission concentrations (tons/day
analysis),

A graﬁhicalfsolution to a similar pProblem is shown below. Here
the same type of data is shown graphically and the entire results
were done graphically, especially since the field data and APCD
data have such similar sg's.
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This meéhod can be used

-tohaetermine‘when to sample, and to
relaterthé relationships of a given sampling period to the
annuaI time period. This éan be of greatest Importance when
comparing frequency distributions of pollutants to ambient airp
quality standards,

'Based,én obServéd APCD feccrds of historical data (abbut 3 years)
a graph may be preparedﬂsimilar to the drawing below showing the
variability of the standard geometric deviation, Sg, arithmetic
-mean,‘?,.and geometric mean, mg. 1t would typically look like
this fgr primary pollutants such as CO;

+
.
Q

% OF ANNUAL
OR m

Sg

" The resﬁlts'of this study would show which time period has the

closestgstatistical barameters to the annual average or would

. show approximately_how far off the statistical parameters would

be-apprbximately from the annual statistical parameters based
upon 1imited short-term sampling.
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Example 25

Prediction of Worst/Worst Concentration

This is a recommended methodology for calculating the worst/
worst concentratlon of a pollutant in the microscale area next
to the roadway using Larsen's Model. Particular reference is
paid to the estimation of carbon monoxide (CO) in the microscale
region for transportation impact studies on air quality. This method
- especlially lends itself to the calculation of the once-a-year
expected maximum concentratzons for CO for both the 1, 8 and

" 12 hour standard comparlsons. Wbrst/worst conditions are
considered to be defined as when the worst traffic exists with
the worst meteorological conditions to prdduce the highest
concentrations of a given pollutant---CO in this example.

The following steps should be pPerformed for each prediction
year—---present, ETC, ETC+20, 'critical year';_etc:

1. Using the maximum time-distributed traffic and the worst
meteorology calculate the microscale concentrations out
-to the desired maximum distance from the roadway. Note,
to get the worst conditions for CO in the winter time at
a given distance from the roadway stability categories
'D' and 'F' are normally chosen.

a. Test both parallel conditions and cross-wind with
phi = 130 to determine which situation will causge
maximum concentrations normal to highway.

b. Use the minimum wind speed allowable with the

stability class under worst conditions, usually
2 mph.
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5
[}

| CO, ppm (ABOVE BACKGROUND)

' Remember that under weist/worst conditions the
concentrations may apply to both sides of the
hlghway.'

The results of these calculations can be used to plot
"contours" of concentrations by time at a given distance
from the roadway. These concentrations may be "time-
averaged" or integrated (as in using a 'big' bag sampler)
for 8 and 12 hour averages.

results of the calculations would typically look like this:

16— __STAB . WORST STABILITY STAB

14 |- St F"’T,f. OF HOUR g

12 : -

oL / \__ I2-HR. GO STD (S)  / \
7 \__8-HR. cO STD (F) [/ \

8
| / \MIX CELL D=0 /

; |

. D= 50 //

4 D=100 \\\\____

! D=200

2 D=500

5 1T T 1 1 1 1 1 I
| 12 14 16 18 20
= distance from highway TIME
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Another representation of the above is a perspective 3—d1mens;onal
view., The results would typically look like the figure below
which is a representation of the concentrations shown above.

e

CONC. PPM (Above background)

ROADWAY')

1 | :
MC 100 200 300 400 500 DISTANCE(FT)

3. Calculate a running 8-hour (i. €., contiguous 8 hours)
microscale average for each distance of interest from roadway,
i.e., as in the figure=-mixing cell, 50 ft., 100 f£t., 200 £t.,
300 £t., 500 ft., for the maximum 8 continuous hours of the \
worst/worst case, This would usually be 0600-1400, or '
possibly similar hours during the evening peak trafflc hour,
at the most stable conditions with maximum traffic,

There are at least two ways that these 8-hour microscale
averages can bes calculated:
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a. Summing the area under the various distance contours
and then dividing by eight, as in the following:

A ASSUMED DISTRIBUTION BASED
ON WORST/WORST CONDITIONS
CALC. FOR D=50'

CO, ppm

o6 08 10 12 14 ~ TIME

b. Or tabulating a hour-by-hour value sum of the one-hour
: averages and then dividing by eight.

To calculéte the 12 hour CO microscale concentration the
technigues would be the same; eight hour CO calculations

are used here as an example. Also do present, ETC, ETC+20,
and critical year also.

The difference between these contour levels for eight hour
averages and the standard is the allowable ambient before
the Federal (or State) standard is exceeded; i.e., for CO:

b ——
Cg-Fed std ~C g-micro = allowable ambient background
at various distances from the
roadway mixing cell.

Using the above equation and the above example:

9.0 - 5.5 = 3.5 ppm allowable background under the
' worst/worst case before exceeding the
Federal NAAQS 8-hour CO standard.
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. Using an example elsewhere in this set of notes that showed that
the one-hour CO concentration could be represented by:

C, = 2.36 * (1,38)% and the eight hour average,

2.42 * (1.32)%

!
Il

where the maximum annual expected background value wag 6 ppm for
the ,8-hour averaging time would indicate this location would
exceed the 8-~hour Federal standard. In fact, for the given
example as shown the 8~hour CO standard would be exceeded out to
somewhere between 100 and 200 feet at least once a year under
worst/worst conditions. See the following graph.

=
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[
S=
= o201
= & | 8 HR. STANDARD
=S EXCEEDED
== |
i ==
) =
- X<
> <
== FEDERAL 8 HOUR
S » 10 HEALTH STANDARD
o ]
-l
2 o —
=
S3 \ EST MAXIMUM
3= BACKGROUND
o =2 .
= ' '
é 0 [ | . | | ]
100 200 300 400 500

DiSTANCE DOWNWIND FROM HIGHWAY LINE SOURCE
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CONCENTRATION, ppm

MAX. HOUR = 3.81

Tt shéuld be emphasized that quality control of monitoring air
guality data is extremely important in using Larsen's Model.

All Districts should adopt a quality assurance program in

field'monitoring and the analysis as recommended by the
Transportation Laboratory.

Exampie 26

Prediéting Future Concentrations Using Tons/Day Analysis

Larsen's Model can be used in predicting future year's ambient
conceﬁtrations in a "roll-back" method. This is done by assuming
that the mean concentration is a function of the total pollutant
burden and that the standard geometric deviation is a function

of thé meteorology and is relatively constant over the years.
Utilizing these assumptions the following could be plotted on
lognormal probability paper.

40 < MESOSCALE POLLUTANT CONCENTRATIONS
30 B | ALTERNATE 'X'

- 1975 — 1995
20 < " 1 HR AVG. TIME
10—
51
4.._.

1995

3 —
2

N B A
S | 512 510 20 40 60 80 95 99 999 99
CUMULATIVE % =2 CONC
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< [ MESOSCALE POLLUTANT BURDEN
2 L ALTERNATE ‘X'
o - 1975 - 1995
[ 1 | ! » |

1975 80 85 90 95
 YEAR

From the following lognoxmal plot of the pollutant data you should,

with the aid of AP-89, be able to garner at least the following
data:
MAXIMUM CONCENTRATION NO. HOURS EXCEEDING
YEAR 1-HOUR 8—HOUR 1-HOUR STD = 35 DpM
i975 42 30 .04% = 4 hours
1980 | 21 15 - -
1985 17 12 .-
1990 26 19 - - -
1995 34 24 ---
This

is all based upon a sg = 1.45 estimated.
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“ﬁkAMPLE{NO. 27: To Predict the Worst Pollutant Day For Urban Areas
{(The highest l-hour CO concentration, both background and microscale)

1. field Data or APCD Data (representative of highway project).

Use Larsen's Model to estimate worst concentration assuming
& log normal distribution.

*2. Use historical meteoroibgical records associated with the
worst surface stability and light winds (U = 2 mph, stability
Class F, g = 12.5° or parallel).

Use tﬁé CATANOVA and Friedman test to possibly eliminate the
number, of areas where separate microscale analyses must be
performed. |

Larsen?s model‘can then be used to expand to the worst 8 hour
averagé as long as the estimates are for an urban area and the
data follows a log normal distribution.

*Theséfmeteorological conditions should be used in the line source
model to predict the highest concentrations above background. The
sum of the two estimates gives the highest value to address to

the worst one hour healthhstandard for Co.
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EXAMPLE NO. 28: To Predict the Worst Pollutant Day for Rural
Areas (l=Hour)

Approaches for Rural Areas:

1l. Use Larsen's Model if it can be shown that the data is log
normally distributed.

2. Use ambient air quality survey data.

3. Use highest reading at an APCD station for the last two years
and use regression techniques to predict corresponding field
values.

Note: Use last two years due to changes in:
l. Emission Controis
2. Traffic Patﬁerns
3. Instrumentation
4., Site Location of APCD

4, Use historical meteorological records and thaen find air
quality data associated with these conditions.

If data is 'lognormally distribufed, the 8 hour concentration can
be determined using Example 22, If not, use the air gquality
sampling data, and a moving average to determine the worst 8
hour period. If the peak value is less than 9 ppm, the highest
8 hour average will not exceed the 8§ hour health standard, for
the periods sampled. USE TONS/DAY ANALYSIS FOR CO TO PREDICT
FUTURE BACKGROUND. Include all alternatives, including the no-
build case. Show the relationship between the alternatives.
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EXAMPLE NO. 29: To Predict the Worst Pollutant Day for Urban
: Areas (Ozone)

Use this method where ozone is considered to be a health hazard
by EPA or ARB,

1. Use Larsen's Model to predict the highest one hour value.

*2, Uée "rollback" technique based upon hydrocarbon emissions
to reduce the predicted value for future years.

3. Include all alternatives, including the no-build case.
 Show the relationship between the alternatives.

*Preséﬁtly'the Transportation Laboratory is converting photochemical
models:to our computer system. When operational, this will replace
the roilback technique. to predict future 03 concentrations.
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EXAMPLE NO. 30 - Critical Urban Areas for NO2
Where NO, is considered to be a health hazard by EPA or ARS,

Larsen's Model should be used to predict both the annual average
and the worst hourly average. *Use Tons/Day analysis to predict

 future values. Include all alternatives, including the no-build
case, ‘

1. Use Larsen's Model to predict the worst annual average and
compare to the Federal health standard.

2. Use Larsen's Model to pPredict the worst hourly averége and
compare to the State standard.

3. Perform this for all alternatives including the no-build
case. Show the relationship between the alternatives.

*Same as previous page. Air quality models will also predict
for'NOZ. '
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EXAMPLE NO. 31: To Predlct a Typical Pollutant bay (for any
' ‘ season of the year)

1. Fleld Data = Plot the median values of the data versus time
of day. See flgure below. Find a day's period of sampling

co P—=—= TS T ————— 8 HR. HEALTH
CONC. [T T~ T —— STD.

TIME OF DAY

wﬁich ig similar to the plot of the mean values. Use
.méteorological conditions associated with the same time
period to predict the microscale contribution. Use Tons/
Day method to reduce for future Years. Add to the field
value to obtain the overall value.

2. APCD Data - This assumes APCD data is representative of
project area. Use the above procedure and consider the

last two years to avoid the problems mentioned in Example
ll.

3. -nUse the method described in the Meteorology Manual {most
probable wind speed, wind direction and stability.
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~ YEARLY CARBON MONOXIDE
DISTRIBUTIONS USING REGRESSION
ANALYSIS

95



“htiblent Air Quality Standards Comparison to Estimated
Yearly CO Distributions Using Regression Equations.

This?méthod of comparison assumes that regression equations

for ambient CO as a‘fﬁnctiOn of meteorology-are known for all
time periods of the day for both the high and low CO seasons.
Probabilities for all "typical year" ocecurrences of meteorology
(stability, wind direction and wind speed) are computed from a
minimum of 5 years of meteorology. By use of computer, each
set qf typlcal year meteorological data is input to the proper
regression equation and the dispersion model to estimate,
respectively, the amblent level and the highway contributed
level (at a specific distance from the highway). These levels
are‘added and stored to the nearest whole ppm with the probability
of occurrence being equal to the probability for that 8pecific
set of stability, wind direction and wind speed, When the same
total concentration is computed from a different set of
meteofological condltions the probabilities are summed. The
resultant CO distributlon is an estimatlon of the yearly €O
distribution based on "typlecal-year" meteorological occurrences,
for a specific year and distance downwind. This distribution
has a sample size of less than 8760. A "transformation" to a
samplé size of 8760 through AP-89 is performed and the resultant
1 houf=and 8 hour averaging time distributions are compared to
air gliality standards.

A mOréhdetailed description of the analysils follows:
1. Development of Ambient CO Regression Equations
ﬂsing linear stepwilse regression techniques, ambient

CO prediction eguations are developed for both the
high and low CO seasons. Generally we will recommend
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. 3.

the development of 6 equations per season, each
representative for 2 or 3 hour time periods covering
the entire day, i.e., 0200-0400, 0600-0800, 1000-1200,
1400-1600, 1800-2000, 2200-2400. (The sample size
used for a CO distribution developed from 2 seasons
and these time intervals would be 2,190 or 12/24
hours per day x 2/4 seasons per year x 8760 hours

per year.)} The CO values'measured for each hour are
regressed by the time intervals, with simultaneous
occurrences of the following variables:

Q. wind direction

b. wind speed _

C. Turner's stability class (A through F)

d. inversion base height

e. your choice of any available parameter(s).

npypical-Year" Meteorology

The computer program WNDROS written by M. Farrockhrooz

of the Transportation Laboratory will compute frequency
histograms for l6-sided wind roses and prints tables of
Relative Frequency Distributions with regard to different
stability classes for time periods requested by the user.
Thié program will accept as many years of meteorological
data as the user desires to include.

Data Analysis - Ambient CO

Using the meteorology output from WNDROS in the proper
time-period ambient CO prediction equation a yearly

‘ambient CO distribution (with known frequencies) is

developed by iteration through all typical-year
occurrences of meteorological variables. Inversion base

height is set equal to a constant, such as, the median or
mean., 97



Thé-fbllowing Steps a through e can now be applied to the

estimated co distribution.

=1

Using equation 34 page 32 (AP-89) the standard
geometric deviation is calculated from the observed
maximum concentration and the arithmetic mean

Sg ='exp(z—(zz—ZIn[c/ml)q°5)

The 2z valﬁe for the observed maximum is taken from
a table of frequencies.

The frequency for the observed maximum is calculated
by equation 26 page 31,

£ = 1008 (r-0.4)./n

If the observed maximum occurs more than once the
rank (r) is set equal to the median rank of the

value -
Number of Occurrences Rank Used
" of Observed Maximum in Eguation 26

1

1.5

2

2.5
(n/2+0.5)

o B O N S

For plotting purposes, the concentration is plotted
to the whole ppm. This corresponds to the median of
the actual pollutant interval.
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c. The geometric mean is calculated using equafioﬁ 23
page 30.

z

m_ = ¢/S

g / g

d. The maximum one-~hour concentration is calculated
from equation 21 page 29,

e. The maximum eight-hour concentration is derived
from equatlon 84 page 44.
= d
“max “max hr &
In addition, frequencies for concentrations below the
maximums for 1 and 8 hour averaging times can be
calculated by using equation 21 page 29 to solve for

~ the Z values which can then be used to obtain frequencies.

: 2
C=M 8 or
g g

8
]

Logc/(log'Mg + log Sg)
Future Year Analysis - Ambient CO Levels

The rollback technigues are used to project ambient

CO values to future levels. 'The CO "projection factor"
is applied to the ppm values from the prediction
equations. AP-89 is used on this distribution as in
the previous section (3).
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Year-Anaiysisye Ambient CO + Highway
Contributed CO

'In order to obtaln a yearly ambient plus highway CO
dlstrlbutlon, a method similar to the one used in the
above section is used. The meteorology output from
WNDROS is used in the proper regression equation to
obtain the ambient CO level for each set of meteorological
:parameters. The level is then reduced by the projection
ﬁactor. Then‘the same meteorological parameters are
'input to the California Line Source Dispersion Model

to estimate the’highﬁay CO. at the various distances

from the ‘xoadwady. The ambient CO level is now added to
the highway contributed CO level. The frequency of
offurrence for this total CO level will be equal to the
sum of all meteorology frequencies which lead to the
same estimated total CO level.

' AP-89?is applied to this estimated yearly CO distribution in the
same manner as (3) also. The resultant "transformed" distribution
is used in comparison to standards.

U31ng methodology discussed in this analysis, the yearly
dlstrlbutlons for each averaging time can be estimated for any
year ‘at any location downwind. If the maximum value of a
dlstrlbutlon is above the appropriate standard the number of
times “the standard is expected to be exceeded can be estimated
since frequencies for the entire yearly distribution are known
(on the assumption that a typical-year, meteorological, occurs).
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STATISTICAL DESIGH OF AN
AIR QUALITY SURVEY
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RelativéﬂVariations'dffﬁb and 0y Vs. Seasons of the Year:

- CONC.

WINTER  SPRING  SUMMER  FALL

Winter Season: Generally the primary pollutants (CO, HC, NO_ )
- are hilghest and O3 lowest,

"Summef Season: Generally the primary pollutants are lowest and
: the sécondary pollutants such as O, are highest.

Obtaiﬂ the seasonal pollutant variation from historical records
from APCD stations. This must be done before designing any air

qualiﬁy survey to determine the‘worst pollutant seasons. Refer
to Figure 3. o
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TYPES OF ATR QUALITY SURVEYS

Purpose: To define the ambient levels for the winter
(Co, HC, Nox) season or summer (03)

Short Term

(t £ 6 months)
1. Random sampling of projects.
2. Sample every other day(s).

3. Statistical design based on daily analysis of data
(applicable for one project only).

4, Generally sample as often as possible for politically or
environmentally sensitive projects,

Long Term

(t » 6 months)
1. Random sampling of projects.
2. Sample every other day(s).

3. Design based on non-parametric statistics and
meteorological conditions,

4, Use of local U.S.W.B. meteorologist for synoptic weather
forecasts for air pollution.

THE MAIN OBJECTIVE OF ANY AIR QUALITY SURVEY IS TO HAVE A WELL
PLANNED PROGRAM OF MONITORING.
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"SAMPLING TECHNIQUES

Procedure for Randomized Block Design
1. Select priority projects.

2. Select (for' each project) sampling locations based on
criteria presented in "Ambient Air Quality Manual®.

3. Number each site consecutively starting with one.

4. Use randomized block design to select the sampling
locations to monitor for a complete day(s) using
either of the following:

a. Throw of dice
b. Random number table
Ca Draw number from hat
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BALANCED RANDOMIZED BLOCK DESIGN FOR CO0 & MINI-VANS

Projects or
Sampling Locations

Days of
Week 1 | 2 |3 |adls | ...a
1 | \
2
3 pBlock I
4
2
B J
1 \
2
3 l?BlOCk II
4
2
ﬁ )

B. Systematic Sampling
1. Sample every other day(s) depending on logestics.
C. Daily Sampling Periods

1. Generally 24 hours is desirable for CO. However a
minimum of 12 hours per day is recommended to cover
the peak AM or PM traffic hours in urban areas.
Special consideration should be given to recreational
traffic, weekend traffic and holiday traffic periods.

If sampling is not randomly distributed throughout the
24-hour day, then conclusions reached using Larsen's
 Model are only applicable for the hours sampled.
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Y.

To éiimiﬂate overtimé}'sémple one day 6 AM to 1 PM

and next day 1 PM to 7 EM. This assures sampling
for the morning, every and off peak hours.




IT.

cofe

LEVELS OF ANALYSIS

It is recommended that all Districts present air gquality
data (cCo, Nox’ HC, 03) using the following computer
programs.,

1. Summary Program = Summarize data on a monthly base for
each hour sampled with minimum and maximum or L.L. and
U.L, values along with median,

- For special studies it may be desireable to summarize
data for a few weeks time or the duration of an episode.

2. MATHISTO - Descriptive statistical program calculating
means, standard deviations, ranges, histograns,
cumulative frequency analysis to determine % of time
that measured concentrations exceed the standard

3. Larsen's Model to predict worst/worst 1 hour and 8
hour CO concentration.

For air guality studies in larger metropolitian regions or
environmentally sensitive areas it is recommended that the
following computer programs be used to (1) reduce'field and
analysis expenditures and (2) add additional crédiability
to the air quality reports:

A. Air Quality Surveys

1. Wilcoxin Test - correlation of sampllng technlques
and procedures.

2, Friedman - eliminate redundant air monitoring
sites (temporal and spatial).
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Meteoroiogic&l'Aﬁa1§bis

1. CATANOVA = Wind rose analysis

Surface stability analysis
Representative year, month, season, etc.
L. Chi-~square test

Correlation Analysis - use historical data at permanent
stations ‘if possible.

1. LINREG
2.  STEPREG




REPORTING NONfAﬁAME"I‘RI.C ANALYSES IN AIR".QUA-LITY REPORTS
Report the following:
1. Level of signifiéance;
2. Type of tést and why the particular test was chosen.

Example:

Because of the small sample size and distribution for noncontinuous
sampling of CO, the nonparametric Friedman test was deemed the most
appropriate statistical test to analyze the data ags compared to a
parametric test., The test was performed at a 5% level of
significance.
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' REPORTING REGRESSION ANALYSES IN AIR QUALITY REPORTS

Repor£ the following:

*1.

*2.

3.

*4

*5

*7

ﬁevel of significance

é;value for eﬁéire eqUaﬁion and critical value.

t-value for each regression coefficient and critical wvalue
étandard error s

d?rrelation (x) or Multiple Corrélation (R) coefficient
;;ot éf Residuals -.if‘neCGSSarf for large data set

Equation y = a+b (INV) +c (L) etc.
K ' [§]

*Also indicate the variabies considered in the analysis and tell

‘which variables are not significant at an level.

*Shoula be included in all studies.
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COMPUTER PROGRAMS
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“INTRODUCTION TO THE TENET TIMESHARE COMPUTER TERMINAL

The timeshare computer system 1is a user-directed computer system
desigﬁed to be used with relatively few user inputs. For analyz-
ing a’large amocunt of data, a larger computef is required. There
are three operating modes in the tenet system, "executive", "basic",
and "éditor".

When %he computer. is turned on (generally one switch for the
printér and another one to tie to the compﬁter), the operator
is‘toid to LOGIN. This means to type in the account number and
naﬁe @hat has been assigned to the user for his use (the account
numbef and name must be.separated by a semicolon).

If a ﬁassword is used in order to eliminate unauthorized use of
the aébount the computer prints PASSWORD?. The user then types
in the password which 1s automatically not printed on the paper
for securlty reasons. ‘

When thls has been done the computer automatically is in the
"executlve" mode. The computer signals that it is ready to accept
anformation by printing the executive prompt (-). In this mode
the ueer ils able to create files, read paper tapes into and out

of the computer, delete files, append one file to another, copy
filesjfrom'the memory of the computer to the printer, "shift"

to anether cperating mode, and many more operations.

When in the executive mode (-) and EDIT is typed, the computer
sHifté into the "editor" mode. The computer then prints the

edit ﬁrompt (). As the ﬂame implies, the user is able to

modify or edit files in this mode. First the command LOAD
'(filename)' must be givern. After the errors are all corrected

and an @ sign is printed by the computer, type SAVE OLD '(filename)'.
Then type Q CLEAR to return to the executive mode. Many additional
operaﬁions can also berpefformed in the edit mode.
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To go from the executive mode to the basic mode, type BASI., The
computer will print the basic prompt (>) when this move has been
completed. The computer is now ready to use the computer program
that the user selects. This is done by typing LINK (occasionally
LOAD is used) followed by the name of the computer program,
enclosed within quotation marks.

An example would be the following:
LINK '5;LSTAT;LINREG®

In thils example the name of the computer program is 5;LSTAT;LINREG.
It must always be within quotation marks. When the computer :
program is finished the computer will once again print the basic
prompt (>). At this time the user can type RUN to run the
program again, another LINK command to use another computer
program, or QUIT to return to the executive mode.

In the example which follows, the computer program was interrupted
by hitting the éscape combination. This combination can vary
from terminal to terminal but the most common combinations are:

"Shift and "
"Control and ["
"Control and shift and .M

. The computer prints a (#) sign and prints information concerniﬁg
what the computer was doing when it was interrupted.

When the user is finished wilth his work and wishes to leave the
computer system, he must be in the executive mode. When the
executive prompt (-) 1s printed, the user types LOGO. The
computer'will print the date, followed by how much processing
time was used (CPU time), how much terminal time was used, and
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TENET 210 "TIME-SHARTNG SYSTEM 0905 05/13,74 40

-LOGIN 4523STAR
PASSWORD?
_Fnli )
QLOAD:'BEG'

50) RECORDS AFFECTED

RLIST ,525
+50 COMPARING APCD SAMPLING WITH BAG SAMPLING,19

1.0n 3 3
2,00 S 4
3.00 5 4
4,00 5 =
5.0N 6 5

RGAVE: QLD 'REG!
20 RKRECORDS AFFECTED

RQ_CLEAR
- INK TS STATILINREG!
EH? 5 ‘

-3ASL

SUINK 1831 STATILINREG!

ok Nk MODIFIED 12/76/72 *kkkk
INPUT DATA FILENAME OR WEXP® FOR PROGRAM EXPLANATIONZH

INTERRIPT DURING LINE 150
>QULT.
-L0GO

0907 08/13/74

CPU MINS = 0,018 .
TERMINAI. MINS - 1.70
FILE MODULES - 21

T e e e s bt
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i . : .
“how many memory Spaces are being used by the particular account

number and name that was being used by the computer user. The
computer will then print a horizontal line. At that time, the
user turns off the 2 (typlcally) sw;tches that he turned on to
start the computer. The follow1ng is an example printout of the
above instructions. '

There are several methods of inputing the data 1nto the memory
of the computer: '

1. Prepare a punched paper tape and read the tape into the
computer,

2, Type the data into the computer while in the Edit mode, or
3. Type the data into the computer while in the Executive mode,

The third method will be briefly described. After the LOGIN
operation has been completed, type:

i

COPY TEL TO (filename)

The computer printer will return to the left side after the
carriage return is hit, but it will not print the executive
prompt (-). Type in the data as shown on the example which
follows. When the data has all been entered, hit "control D",
The computer will once again print the executive prompt. At
this time, another data file could be created, or any other
operation could be performed.

APPLICATIONS OF COMPUTER PROGRAMS

The general problem which is presented as Figure 1l will be used
to demonstrate the procedures necessary in the use of the statistical
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'methods which have been descrlbed in the first part of this course.
The necessary steps are the following:

1. betermine whather the data from mechanical weather stations
are different from the data obtained at other meterological
sites (including other mechanical weather stations).

2. éhew that the sampling techniques that you used are compatible
with those employed by other agencies,

3. Determine whether there are any redundant air guality sampling
ibcations.

-4, ﬂ Determ1ne whetherx the year in which you sampled could be
|  cons1dered a "typical" year.

S.h'h§Se historical meteorelogical and/or ambient air quality
data to estimate the concentrations of pollutants for the
time periods that you did not sample.

6. - Use Larsen's Model to predict worst pollutant concentrations.

7 Use statistics to show what percent of the time the air
quality standards were exceeded.

8. | dSe summary program to present the data in a neat, tabular
form.

CATEGORICAL'ANALYSIS OF VARIANCE
This ﬁfocedure, commonly called "Catanova", is used to determine

whether any two or more sets of meteorological data are statistically
identieal. If this is the case, then it will eliminate redundant
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data as inputs into alr quality models or it may not be necesssary to
measure wind speed and‘direction at all the locations. The program
that performs this comparison is called "5;LSTAT;CATANOVA"™, To
perform this test, data must be obtained for the game time

periods at all the locations of interest.

A”typical use would be to compare the frequency of occcurrence of

the observations from one mechanical weather station with the

frequency of occurrence of the observations from another mechanical
weather statlon. For a complete comparison, this procedure would

' be performed for morning, midday and evening data for all seasons

- of the year. Thils data can be obtained from the summaries of the

"STAR2", "WNDROS", or°"WIND2" computer printouts for the time

periods and months of interest and at each site. It is necessary

To obtain current data from any hilstorical site.

Page 137 of the Meteorology manual will be used to show where
the data is lifted from the computer summary for the Hayward
Airport.

The following table contains the data required to test whether
there is a significant difference in the occurrence of wind speed
and direction for the Airport, at Location #1 and at Location #3
as depicted on Pigure 1. |
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WEATHFR STATION NAME: HAYWARD AIRPORT LLOCATION? HAYWAR[D Ca4L
YEARS OF RFCORD: AH=AT=68=A9=T70 MONTHS? SFPT.=-0CT.

HOURS OF NAY?: N1790-0R00=N907 COMRINED ‘

PROUJECT ID: 19701 761A5K0 USER: ‘AR DISTRICT: 19

et STARTLITY CLASS DESIGNATION O
. IN THF FOLi OWING TABLF THE CALMS ARE DISTRIBUTED....
«+s- . FREQUENCY DISTRIBUTION TABLEeeos~s ..
CDTRECTION VEILLOCITY » MPH
. 0=3  4-7 AR~12 13=18 19-24 25=3] 32~38 39-46 47 TOT AVE. %TOY
NP r 2h 1 0 0 2 0 0 0 30 649 3.2
N E o 18 5 .0 0 1 0 0 ) 28 HebH Bl
NE 9 3h 15 1 0 0 0 0 0 61 a2 IR
NS 4. 10+ 4y 2 0 0 n 0 0 152 HdB  1H
S F 1t A0 15 0 0 0. 0 0 0 86 5.8 9.4
EQE 7 wn 14 [ 0 0 0 0 0 A5 AheT 7.1
N S TR Y- R, 7 1 1 0 Q 0 78 7.9 R5
S F 2. 2h 16 3 2 1 0 0 0 49 R.5 543
B i 20 3 0 0 0 0 1] 0 23 Hael 2.5
Sy 25 1 7 2 0 0 0 0 0] 22 Tl 2.u
Sw R 9 G 1 0 0 0 0 32 B.6 3.5
WG s a: 22 1u 9 1 1 0 0 0 56A 8.3 el
ol u 5A 21 13 2 1 0 0 0 97 8.2 10.%4
w it 25 RS 1y 2 n 0 0 0 ) 52 feQ 5
1ty u 3s 12 2 1 0 4] 0 n 53 £.9 5.8
ow u' 20 5 2 1 0 0 0 0 32 6eB 3.6
CALA Ans 0 N 0 0 0 0 0 0 344 N .y
M~ T TR B.2 21R 53 9 7 0 0 0 915 Ny .
TOYAL NO. OF OHBSERVATIONS = 915
OCCURRENCE WITHTN THTS STABILITY CLASS = 015
*e.2. . . RELATIVE FRFQUENCY DISTRIBUTION. e eueuse on.v.n. &
RFELATTVE FREQUFNCY OF OCCURRENCE OF ALL STABILTTY CLASSZ 1n9.9) PCT
NTRFCTTON VELOCITY »MPH
' )=-3 -8 A=12 13-18 19=-24 25=31 32=38 39-4¢ 47 4 TN
N Y e PY 2.RA « 11 « 0N «00 22 «00 0 #010 3.2
N F L9 1.95 55 o N0 «0N W11 . 00 o N ol St
N ' OQ—’ 3¢RQ 1-6“‘ 011 000 .f)!‘l « 0N al)et o} e 2
e . +4 1N,95 4,92 22 « N0, « 00 <00 .00 SO TALHN
= 1.2° Frehr? 1.64 « 00 . 0N 200 <01 . 011 o0 SIS
ot W73 44,38 1.53 ol ] «Qn «0U « 0 . 0} T ol
E 49 4 .A2 2al40 77 «11 «11 « 01 « O N A 5N
Y F « 24 ?.68 1-75 c33 t22 01.1 .Ol] « N0} « R.R2
Sy .ﬂ :_ :Jol.g -3_5 .UU -Oﬂ 00” -D" -0" -n : ?-H )
oo el 1.2° 77 22 « N0 « 011} « ) -0 NN 2.4
v Toal9 1.22 .98 B6A L11 «0N «00) . N0 00 304
WS « Q7 ?043 1!53 098 011 .11. lO” « N0 o tre 112
I JU49 ~.08 230 1.42 22 .11 . « 01 o 030} wlld Tivee 2
W ©W2n 3.65 1.53 22 « 00 o 00 « 0N .0i) N by airld
~ N U9 3,65 1.7%1 22 .11 N <09 W00 I STRSO ¥
N W L9 2,19 .55 22 11 .00 0N o0 RGIE 3.5
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AIRPORT LOCATION $1 LOGATION #3|
N -7 6 | 3 ]
_NNE 4. 5 2
NE 12 14 16
ENE 30 30 26
_E 16 20 12
_ESE 15 12 18
SE 18 16 18
SSE 10 13 12
- 4 4 2
SSW 3 3 3
SW 6 7 7
WSW 10 10 13
W 22 20 23
. WNW 10 8 12
NW 11 10 11
NNW 6 6 6
* % Ju— —
TOTAL 184 184 184

*Note:- Do not include Calms if they were "distrib'utéd':.

119

| HAYWARD ATRPORT LOCATION #1 | LOCATION #2

0~3 18 14 1 16
4=7 108 120 101
g-12 46 40 52
13-18 10 9 12
19-24 " 2 1 2
> 24 0 0 1
TOTAL 184 184 184




follown.ng'\pages are' the actual computer data files and the
computer run of '5; LSTAT CA‘I‘ANOVA' The data filenames were
chosen for convenience. .All J.nstruct:.ons given to the computer
by ‘the operator are underlined. After the underlined instructions
are typed, hit the carriage return., -

’ .




e

~COPY CAT®DIRE T0O TEL TEXT

7 6 3
4 & 2
12 14 18
30 30 286
16 20 12
1% 12 18
18 16 18
1in 1% 1?2

10 10 13
29 20 23
10 8 12
11 10 11
6 6 6

CoPY CATXSPED TO TEL TEXT

18 14 16
108 120 101

u6 40 52
10 9 12
> 1 >
o 1 2
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ANOVA FOR CATEGORICAL DATA

COMPARE AIRPORT & LOCATION 1 & LOCATION 3--DIRECTIONS

DATA
1 2 3
1= 7 & 3
2 4 5 >
3 12 14 16
e 30 30 28
- 16 20 12
fmm 1% 12 18
. 18 16 18
8—m 10 13 12
E I 4 2
10~ 3 3 3
11-- 6 7 7
12w 10 10 13
13=m 25 50 23
14— 10 a 12
15— 11 10 11
16— 6 6 6
CATANOVA TABLE
SOVRCE 3%
BETWEREN GROIPS L 30435
WITHIN GROUPS 585,20108
TOTAL 255 , 50843

% EXPLAINED
CHI-SQUARE

DEG ,FREENDOM
PROBASILITY

DO NNT REJECT THE HYPOTHESIS THAT THE

ARE THE SAME FOR THE 16 CATEGORIES,
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3

«120%3
3,36203
30 .

NCERYE

GROUP POPULATIONS

(SIGMIFICANCE LEVEL = ,0%0)



DATA FILENAME OR.'EXP' FOR PROGRAM INFORMATION?CAI%ngU

JOB TITLEPCOMPARE AIRPORT & LOCATION 1 & LOCATION 3==WIND SPEEDS
I e R,

NUMBER OF ¢
ROWS (CATEGORIES) 26
COLUMNS (GROUPS) 23

SIGNIFTCANCE LEVEL?,05

o
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COPY %REGXFER TO TEL TEXT

1000 OPEN '$REG'»1,I0»BINARYsRANDOM, OLD

1010 DOUBLE TYP

1020 INPUT FROM 1 AT 13HEDS.FSsTYP

1030 PRINT}'ANOTHER PROBLEM USING THE SAME DATA (YES OR NO)':

1040 INPUT AM%

1050 IF AN$=YNO* THEN 1170

1055 IF TREC{1)<5 THEN 1070 ,

1060 ERASE FILE 1 FROM S TO TREC(1)

1070 ON TYP GOTO 1100, 1120

1080 REM

1090 REM

1100 REM

1110 REM

1120 LINK *tS3ILSTATISTR2Y

1130 REM

1140 REM

1150 REM

1160 REM _ .

1170 PRINTITINPUT NEW DATA FILENAME OR *tSTOP "

1180 INPUT Fs$

1190 ERASE-FILE 1 FROM 1 TO TREC(1)

1200 IF F&=*STOPY THEN 1390

1210 PRINTH*NEW JOB TITLE®:

1220 INPUT HEDS

1230 OM TYP GOTO 1240, 1280

1240 REM

1250 REM

1260 REM

1270 REM o

1280 HEDE="*"4+CHAR(12)+""//6B'STEPWISE MULTIPLE LINEAR REGRESSIONt"
+U 7/ 76BYTEHEDS Y S 2/

1290 GOTO 1340

1300 REM

1310 REM

1320 REM

1330 REM

1340 PRINT ON 1 AT 13HEDS$,FS»TYP

1350 LINK 'S3LSTATICORRE?

1360 REM

1370 REM

1380 REM

1390 PRINT ' _

1400 PRINTHI"GOOD=-BYE, BE SURE T0O DELETE FILE t®REGY BEFORE LEAVING®

1410 PRIMNT}'THE SYSTEM, !
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‘The ‘dita is copiédyéut of the coﬁputer'memory and onto the
printér by the command COPY CAT$DIRE TO TEL TEXT which is typed
into ﬁhe computer when it is in the Executive mode. When the
compuﬁer completes the data file, the Executive prompt is printad
(=) . ‘At this time, repeat the above command with CATSSPED
replacing CAT$DIRE to obtain the printout of the next data file.

At the'completion of the second data file, the computer is ready to
exerc1se the statistical program (or do any operation, really).
Usually it is convenient to0 hit the "Home" button on the computer
to start the program at the top of a page. The next instruction
necessary is to type BASI to place the computer in the Basic mode.
When the computer has entered the Bagic mode, the computer prints
the Basic prompt (). At 'this time type LINK '5;LSTAT; CATANOVA'
to stait the computer program. If you wish to obtain program
information, type EXP. If not, type the name of the data file

In this example the data file name is CAT$DIRE. Any descriptive
job tihle can be used. The number of rows is requested next,

This can be counted from the data file printout. The number of
columnb is entexred next, also obtainable from the data file
printdﬁt. Input .05 when asked for the significance level.

The computer then automatically advances the page and starts
running the program. It prints the title of the statistical test,
followgd by the job title selected by the operator. Next, the
data is prlnted so ‘that the operator can be sure that the data is
correct

The "ﬁatal 88" (sums of squares) is summed from the total for each
row (the first row's value is generated from 16 in this example).
The "within groups SS" (sums of sguares) is generated from the
square:of each value in the data matrix, divided by the number of
obser?étions in the column in which the value is found. The
“betweén groups S8" is obtained by subtracting the "within Ss"
from the "total S5". |
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The Chi-square is calculated from the data and compared against

a table value at the requested level of significance. If the
calculated chi-square is .smaller than the statistical value of
chi-square we can say that there is no statistical difference in
the frequency of occurrence of the data. Accept the null
hypothesis. In this example, at a level of significance of .05
and with 30 degrees of freedom the calculated chi-square, 9.96

is smaller than the statistical value of chi-square, 43.77.

Also note that the probability is greater than .05 in our example.
Thus there are two ways of reaching the same conclusion.

If the results from the CATANOVA test indicate that there is a
significant difference in two sets of data, say for wind speed
at the Airport and at Location #1 for example, it is possible
that regression techniques could be employed to generate a-
statistical relationship between the sites. This relationship
could be used to quantify the differences between the sites.
Note, however, that the CATANOVA test requires frequency of
occurance of data, while the regression test requires the
actual data. Refer to the gsection on regression for more
information.

Special precaution is required if regression techniques are
employed for this analysis. First, the observations for the
same hour must be paired. Second, since the starting threshhold
of the meteorological instruments may not be the same, it is
possible to have calms reported for one instrument's set of data
but not for the other one. To avoid the necessity of assigning
a numerical value to a reported calm, remove all data pairs

which contain a calm.
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WILCOXON MATCHED SIGN TEST

Another important step is to determine if the sampling scheme that
we employ (bag sampling) yields the game value as the concentrations
measured by local agencies such as APCD's. 'This adds credibility

to the.validity of our measurements and assures local officials

that they would have obtained the same values as ourselves had

they been sampling at our sampling 1ocatlons.

”There are two methods that can be employed to solve this problem.

If there are enough data pairs regression techniques could be employed
to correlate our measurements to other measurements. A detailed
dlSCUSSlon of the use of regression is found in another part of

this set of notes. As we usually have only 8~12 data pairs

avallable for this analysis, or if there is not a very great

spread in the data, usually the Wilcoxon Matched Sign Test is

used. -The computer name for this test is 5;LSTAT; MPAIR. The

following is a sample of the type of data that is required to
perform this test:

T IME 1 - APCD BAG SAMPLING
0800 ' 1 1
0900 3 2
1000 3 .4
1100 5 4

. 1200 6 6
1300 4 5
1400 3 3
1500 2 2
1600 1 1
1700 0 1.

The foilowing is a sample of three computer runs which illustrate
the use of this test.
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-COPY WILCOX1 TO TEL TEXT

AN O F MO

SO~ DNN A
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~BASI ¢ S
>RlNKLIOILSTATIMEALR Y
DATA FILENAME OR 'EXP! FOR PROGRAM INFORMATIONPWILCOX]

- JOB TITLEPCOMPARE APCD SAMPLING TO BAG SAMPLING

NUMBER OF: -
‘ ROWS (OBSERVATIONS)?
COLUMNS (DISTRIBUTIO )22
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WILCOXON MATCHED=-PAIRS SIGNED-RANKS TEST

COMPARE APCD SAMPLING TO BAG SAMPLING

OF THE 10 PAIRED OBSERVATIONS, 4 HAD POSITIVE
DIFFERENCES AND 2 HAD NEGATIVE DIFFERENCES,

SIGNIFICANCE LEVEL (2«TAILED)
1= .10
2 = .05

INPUT INTEGER SELECTION:

2
a-tie

THE VALUE OF T FOR N = 6 IS 7

CRITICAL VALUE = 1

DO NOT REJECT THE HYPOTHESIS THAT THE TWO DISTRIBUTIONS
ARE FROM THE SAME POPULATION, (SIGNIFICANCE LEVEL = .050)

ANOTHER ANALYSIS USING THE SAME DATA?‘I'\I_(.)_
ANOTHER PROBLEM IN FILE WILCOX1PNOQ
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The daka is put into the computer in the same manner as for the
CATANOVA test. Once the data file has been verified to contain
the correct data, type BASI. When the "basic" prompt is printed,
(») type LINK '5;LSTAT;MPAIR'. The computer will then ask

for the data filename or EXP if program information is requested.
In thlS example the file name WILCOX1l was entered. The computer
will ask for a job title. Any descriptive title can be used.

The number of rows are entered and then the number of columns
are entered

'The cemputerfprints‘out the name of the test and the job title
selected by the user. It then prints the results. In this
example there were 4 instances where the first value was larger
than the second value and 2 instances where the second value was
larger than the first value. ' There were 4 instances where there
were no differences in the observations for a total of 10 sample

palrs.3 The operator has the choice of testing at a 5 or 10 pPercent

level of significance. In th;s example, 2 was entered to test at
the 5 percent level. It is recommended that a 5 percent level be
used, -

The ceﬁputer-determines the values N and T. In this example,

T =17 end N = 6, The critical statistic value is printed and it
‘is equal to 1 in this example. If the "T" value is greater than
+the crltlcal value, then we can say that there is no significant
dlfference between the methods of sampling.

The data file WILCOX is the same as WILCOXL except that observation
number’5 is a tie and observation number € was reversed. In this
'case, there are not enougﬁ data pairs with differences to test

at the:'5 percent level of significance and the test must_be rerformed
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HUN

DATA FILENAME OR 'EXPt FOR PROGRAM INFORMATION?WILCOX

JoB TITLE?(“OMPARE APCD SAMPLING TO BAG SAMPLING

NUMBER OF
" ROWS (OBSERVATIONS)?
COLUMNS (DISTR1BUTIONS) 2




WILCOXON‘MATCHED—PAIRS-SIGNED—RANKS‘TEST

COMPARE APCD SAMPLING TO BAG SAMPLING

OF THE 10 PAIRED OBSERVATIONS, 2 HAD POSITIVE
DIFFERENCES AND 3 .HAD NEGATIVE DIFFERENCES,

SIGNIFICANCE LEVEL (2-TAILED)
1 = ,10
INPUT INTEGER SELECTIONZ

1
-

THE VALUE OF T FOR N = 5 IS 6

CRITICAL VALUE = 3

DO NOT REJECT THE HYPOTHESIS THAT THE TwO DISTRIBUTIONS
ARE FROM THE SAME POPULATION, (SIGNIFICANCE LEVEL = ,100)

ANOTHER ANALYSIS USING THE SAME DATA?NQ
ANOTHER PROBLEM IN FILE WILCOX?ﬁg
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" at the 10 percent level. an alternate solution would be to use
regression techniques if there are enough data pairs and the data
has-a reasonable range.

Dath file WILCOX2 is the same as WILCOXL except that observation
numbers 3 and 5 are made intc ties and observation number 6 wag
reversed. In this example there were not enough pairs with
differences to perform the test. 1In this case, txy regressgion
techniques or collect more data and use the WILCOXIN test again,

Note that in the three examples just described, the difference
between the data pairs is zero or one. The values are all within
theﬁaccuracy of the instruments., Since this is the case, one
could say that there is no difference between sampling techniques
even if the statistical analysis were to indicate otherwise.
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~COPY WILCOX2 TO TEL TEXT

NS FOD NN

AN FNDODTFTONAD
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DATA FILENAME OR TEXP'Y FOR PROGRAM INFORMATION®WILCOX2

JOB TITLEPCOMPARE APCD SAMPL;NG 10 _BAG SAMPE;NG .

NUMBER OF:
ROWS (OBSERVATIONS)?10
‘COLUMNS (DISTRIBUTIng1.£L
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WILCOXON MATCHED-PAIRS SIGNED=RANKS TEST

COMPARE APCD SAMPLING TO BAG SAMPLING

OF THE 10 PAIRED OBSERVATIONS, 2 HAD POSITIVE
DIFFERENCES AND 2 HAD NEGATIVE DIFFERENCES,

UNABLE TO TEST 4 PAIRS WITH DIFFERENCES = 5 MINIMUM,

MR
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GENERALIZED FRIZDMAN TEST

The Friedman Test can be used to determine whether the air
quallty sampling sites that have been selected are all necessary
from a statistics point of view. Regardless of the statistical
outcome, it may be desireable to retain sampling sites which are

as politically or environmental sensitive areas,
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Data Grouping For Friedman 2-Way ANOVA

DATE HOUR 1 2 3 4 5 6 7 8

5=1~73 0600
" 0700
" 0800
" 0900
5-2-73 0600
" 0700
" 0800 ' '
" 0900

5=3-T73 0600
" 0700
" 0800
" 0900

5-4-73 0600
" 0700
" 0800
" 0900

5=5-173 0600
" 0700
" 0800
" 0900

ETC ETC

The Friedman test will be of value both during sampling and

after all sampling is complete. When used during the sampling
period, it may enable the user to reduce the number of air quality
sampling locations. When used after all sampling is completed

at a site, it will tell if too much sampling was performed and
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- will help determine how‘ﬁany sampling lqcatioﬁs should be
considered for future projects wlth a similar layout. It may
also reduce the amount of analysis in determining what backe
ground Jevels to use for the project area.

Preﬁére a data file in the followlng format:

DATE Hour | 3 | 2 I 3T w51 61 -

o=1-73 0600
" 0700
" 0800
o 0900

5-2-73 0600
’ 0700
0800
0900

5-3-73 0600

o 0700
0800
0900

5—lm73 0600

i 0700
0800
0900

5-5-13 0600

* 0700
0800
: 0900
Bre -~ | Erc
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Each column contains the data for any one site. The data is in
chronological order. The computer will test the data in the
data file to see if the various sampling sites are statistically
alike for the hours in the data file.

The program that is used to perform this test is 5;LSTAT; FRIED.
After the basic prompt, () is ?rinted by the computer, type
LINK *5;LSTAT;FRIED'., The computer will ask for the data

file name or EXP (if program information is desired). The
computer will then ask for a Jjob title. Any descriptive job
title may be used.

Next, the computer will requést the number of observations per
replication., Input the number of hours per day that data were
collected. When asked the number of columns (treatments) enter
the number of sites in the data file. When asked for the
number of replications, enter the number of sampling'days in
the data file.

The computer will then advance to a new page and print the test
title followed by the job title. It will then print the data,
separated by replications (days). Check this data against the
data file to insure that the program has been initiated correctly.

The page will be advanced again and the test title and job title
again will be printed. Next the number of columng (sites) that
the user wishes to compare will be asked for. For the first
analysis, input the total number of sites in the data file. The
computer will then replace the data with the rank of the data.
When assigning ranks, it is assumed that for any given hour,

the concentrations at all the sites in the analysis and for all
the replications have an egqual probability of occurrence. Thus,
the concentration which is the lowest for each one hour block

is given the rank of one. See the blocks on page 141,
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“The éompﬁté? will on¢e again move to a new page and print the
column rank totals. These totals are for each site in the
énalysis. ;f the column rank totals are statistically alike,

then there is no difference between sites. The significance level
(e level) at which the test is to be performed is reguested next.
Enter .05 (always use decimal point).

The calculated chi-sgure is printéd along with the degrees of
freedom and the probability. The compitter prints the conclusion
statément. This can be checke& by referring to the table of
crltlcal values on pa'e;sc
‘statistical value ofﬂ_hl—sq#:é _s 16 92. Slnce the calculated
chi-square, 43.833 is greater, rejeot the hypothesis that the
‘data ‘are the same. ‘See thé following sketch.

ACCEPT Ho REJECT Ho

¥
16 .92 43.833
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When asked if another analyéis using the same data isg requested,

type YES at this time. It appears that sites 4, 6 and 9 have

very similar values. To test these three sites, input 3 for the
number of columns in the analysis. The computer now asks the user
to input 3 columns in ascending order. The ranks will be reassigned,
considering only the sites selected by the user. The column rank
totals are printed for these sites. The calculated chi~-square

and degrees of freedom are printed. As can be seen by checking

the table of critical values, the computer printed the correct
decision.

The test was rerun again, testing sites 1, 7, 8 and 10. These
sites were also similar statistically. Other sgites could now
be tested to see if a further reduction in the number of sites
could be made,
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ey man e e o

PY %FRIED TO TEL TEX

5 5 3 & 5 X 6 4

4 5 3 5 8 4 5 y

6 5 2 7 5 3 5 g
12 8 2 4 5 4 8 9
12147 3 4 6 5 9 1y

7100 3 3 5 4 B 13

8 5 4 7 4 8 7 5
12127 6 8 610 7 9
13 8 A 8 &8 7 7 7

7 8 3 4 6 7 10 10
15 13 6 4 7 9 14 14
12100 6 7 8 5 6 14
13 8 3 6 7 810 8
20 117 4 13 10 10 16 14
13 13..6 8 10 8 10 10
13 6 % 8 6 9 1n 10
17 8 9 10 8 14 12 14
14 102 8 10 11 8 7 8

8 & 3 4 5 5 12 10
17 140 3 5 8 6 13 14
‘8 11 b 5 5 6 9 18
20 127 8 15 14 14 15 13
21 16:1% 13 2n 16 18 23
1 12230 1 a0 4 14 12
21 18: 9 14 21 12 14 16
35 25:14 22 25 14 16 27
16 16,10 13 2~ 15 19,16
30 1315 22 24 17 24 .19
3410 24 29 27 30 30 21
27 821 25 20 70 21720
13 12°10 11 13 14 11 11
20 1714 15 15 20 15 17
23 20 34 17 19 17 19 20
21 138 14 2 9 15 8
21 1512 14 20 14 18 14
18 242> 14 28. 11 27 19

6

B TN
oOQOR

[y
= DU o Ui

sy
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P ek
~NFEF= DR OdD= 0O N

3

- el R e R Y e

13
13
16
15
24
20
18
19
18
17
13
17
17
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RAGI '
SLINK '5iLSTATIFRIED?
MONIFIED ER., 74
s |
NATA FILENAME OR 'EXPY' FOR PROGRAM INFORMATIONPXFRIED

JOR TITLEPTEST BAG SAMPLING SITES

NUMBER OF 3
OBSERVATIONS / REPLICATION?G
COLUMNS (TREATMENTS)?10 -
. REPLICATIONS 26

FRRTP O
I e
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0
L
Jd
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i -
e
i

TEST BAG SAMPLING SITES

5 5 3
4 5 3
6 5 2

12 8 2

13 14 3
7 10 3

REPLICATION 2
8 5 4

12 12 &

13 8 8
7 8 3

15 13 6

12 10 6

REPLICATION 3

13 - 8 3

20 11 4

13 13 6

13 6 5

17 8 9

14 10 8

REPLICATION 4
8 8 3

17 14 3
8 11 n

20 12 8

21 16 16

14 13 10

REPLICATION 5

21- 18 9

%% 25 14

16 16 10

30 13 15

34 1n 24

27 8 21

REPLICATION 6

13 12 10

20 17 14

23 20 14

21 13 8

21, 15 12

18 2u 25

" FRIEDMAN 2~WAY ANOVA BY RANKS'

~NFFEFo®E-d

14
22
13
22
29
25

11
15
17
14
14
14
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21
25
22
24
27
22

13
15
19
22
24
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148

6 7 8
3 6 b
4 5 4
3 5 6
b 8 9
3 9 14
4 8 13
8 T 5
10 7 9
7 7 7
7 10 10
9 14 14
5 6 14
8 10 8
10 16 14
8 10 1o
° 10 10
14 12 h
8 7 8
5 12 10
6 13 14
6 9 18
14 15 13
16 18 23
14 14 12
12 14 16
14 16 27
15 19 16
17 24 19
30 30 21
22 21 2r
14 v 1i
20 15 17
17 19 20
9 15 8
1y 18 1y
1 27 19
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+ X~

[ YR

11
i
16
21

17

14
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10
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10
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10
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13
3
14
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13
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18
19
13

13
16
TH
24
N
18

19
18
17
13
17
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FRIEDMAN 2-WAY ANOVA RY RANKS
TEST BAG SAMPLING SITES

INPUT NIUMBER OF COLUMNS IN ANALYSIS?10

RANKS

1 2 3 4 5 6

7

8

9

10

T e Ttk A 1 0 B i 1l Al " < 1 e 0 S e Tl £ (0 1= 2 R S e A P 1 e A 07 U ek . v e B 1 b B P+ e e 1 0 1o

REPLICATION 1

1= 14,0 14,0 2D T.0 14,0 2.5
2= q‘.b 9.0 1.5 gan 900 405
3== 10,5 6.0 1.0 14,5 6,0 2.0
4o 3U.5 20,0 1,0 4,0 7.0 4,0
Hwwm 2"’".5 3100 1.0 2-5 5.5 4.0
6""" 9.0 2300 1-5 1.5 LI'.S 3-0

REPLICATION 2
1= 30.5 1"'4‘.0
2=-=- 31,0 31,0 1
3=~ 40.5 21,5 2

Y= 13-5 20:(‘ ? l'"nD 10-5 13.5
9=- 36,5 24,5 5 2.5 7.0 13,0
6=— 32.0 23.0 6 9,0 14,0 b5
REPLICATION 3
1=-— 50,5 30,5 245 20,0 24,0 30,5
?.""" 5”’-0 : .??on L|‘05 '%L]-'D 2?-0 2?.0
3= 40,5 40,5 10,5 21,5 33,5 21,5
=o' 38,0 10,5 7.0 20,0 10,5 27,0
5=— 41,5 9.0 13.0 17,0 9.0 31,0
6=~ 41,0 23,0 14,0 23,0 28,5 14,0
REPLICATION 4
1=- 30,5 30,5 2.5 7.0 14,0 14,0
2=— 50,1 38,5 1.5 9.0 17.0 13,0
Je=m 21,5 27,5 S 6.0 6.0 10,5
L}—‘“ ‘33.” 3"‘!.':3 20.") ’-|'605 4205 42-‘5
Se-r G000 29,0 39,0 24,5 46,5 39,0
6= 41,0 35,5 23,0 28,5 23,0 41,0

REPLICATION 5
1=- 59,5 HL7,0 35,5 54,0 59,5 47.0
2=~ 60.0 BB,5 38,5 56,5 58,5 38,5
3=- 48,0 48,0 34,% 40,5 59,0 45,5
e B0LO FH.0 0 46,5 55,5 58,0 50,0
D-= 60,0 17,0 54,5 37,0 56.0 58,5
5=-  GHL,L 4.0 50,5 B5F.0 53,5 53,5

REPLICATION &
1-- 50,4 47.0 38,5 43,0 50,5 54,0
2-- B4 N 5,0 38,% 43,5 43,5 G40
3= 6041 BT7.5 0 83,5 51,0 5.0 51,0
4=- 54,0 IR0 20,0 42,5 5,4 27,0
S=r 50.0 36,5 21,5 31,0 54,5 31,0
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14,0
270
28,5
20,1
19.5
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20,0
17.0
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20,0
19,5
431,.n

2"4.0
27.0
37,5
49,0
B,
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13.0

58,0
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1.0
38.1
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49,n

28,5 58.5

60,0

51,6

Eeripe 5
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FRIEDMAN 2-WAY AMOVA BY RANKS
TEST BAG SAMPLING SITES

COLVYMN RANK TOTALS!

COLIMMN 1 = 1454 .5

COLIMN 2 = 1110,.5

COLUMN 3 = 679.0

' COL'MN 4 = 946,0

v COLIIMN 5 = 10859.0
COLNMN 6 = 962,55

COLIMN 7 = 1237,0

- COILUIMN 8 = 1263,0
COLUMN 9 = 926,5

COLUMN 10 = 1342,0

SIGNIFICANCE LEVEL®,05

CHI-SAUARE = 43.8%- NF = 9 PROBARILLITY = ,o0ne-
REJECT HYPOTHESIS THAT THE 10 DISTRIRUTIONS ARE
FROM THE SAME POPIILATION,

ANOTHER AMALYSIS USING THE SAME DATAPYES

i
i
!
|
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| FRIEDMAN 2-WAY ANOVA 'RY RANKS
TEST BAG SAMPLING SITES
INPUT MUMBER OF COLUMNS IN ANALYSIS?3

INPUT 3 COLIMN WUMBERS IN ASCENDING ORDER
PUr6e9 .

RANKS

4 6 9
REPLICATION 1
1~ 2D 1.0 7-5
2e= 2.5 1.0 11.5
3”“ 4.5 1!0 12;0
Ll-—"— 2.“ 2.0 5.0
S 1.5 3.0 7.5
H== 1.0 2.0 6.0
- REPLICATION 2
1"“‘ 10,0 12.5: 5.0
2=~ 5,5 8,5 8.5
3--7 B0 4,5 8,0
LL--- 2.0 6.0 q‘.o
S=-1 1.5 5.5 4,0
6=-. 4,0 3.0 10,0
REPLICATION 3
1"'"" ?¢5 12.5 5'0
2--. 13.0 8.5 8,5
3==- 8.0 8,0 11.0
Yooy 8.5 11.5 8.5
S—- 7.5 13,0 9.5
6~ 7.5 5.0 7.5
; REPLICATION 4
1--" 2.5 5,0 10,0
B 2.0 3.0 8-0
== 15,0 13,5 8.5
5= 1‘__: 17.0 15,0 9.5
E=-- ‘[n.r) 14."! 14-0

L REPILICATION 5
2=— " 18.0 14,0 11,5
3=== 1448 16,0 13,0
L 18.“ 1700 16.0
5“" - 17-0 18.0 16.0
6=~ 18,0 17,0 16,0

: 8 REPLICATION 6
L= L 14,5 17,5 14,5
2= 15,5 17.0 B

3== . 17.5 17.5 15,0 152
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13.5
13.0
14.0

11.5

13,0
10.0

1

8
5
2
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9
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5
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FRIEDMAN' 2-WAY ANOVA-RY RANKS

TESTRAG SAMRLING SITES -~ - : i
COLINMN RANK TOTALS!

YCOLIMN g

= 330.5
: COLIMN 6 = 347,5
. COLUMN 9 = 348,0 .

SIGMIFICAICE LEVEL?,05
: o

CHI-SAUARE = .193  nF = 2 PROBAKILITY = ,90780

NO NOT REJECT HYPOTHESIS THAT THE 3 DISTRIBUTIONS ARE
FROM THE SAME POPULATION,

ANOTHER ANALYSIS USING THE SAME DATAPYES
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FRIENMAN 2-WAY ANOVA BY RANKS

TEST RBAG SAMPIING SITES
TMPUIT (1IMRER OF COLIMNS TN AALYSIC?4
INPUT &4 COLVMN HIMRERS IM ASCENDIHG ORDER

P2 78010}

RANKS
2 7 8 1n
REPLICATIONM 1
1= 3.0 0.0 1.0 13,0
2= 25 2 1,0 7.0
G- 1.5 1.5 3.0 12,0
b4 el I, N 7.0 4.0
Shel 10,5 2.5 10.5 2,5
P - 9.0 4.5 13.5 b,5
REPLICATION 2
1= 3.0 BN 3.0 8.5
2- 7.5 4.n0 Da.0 .0
3— GEa b5 habo 9.0
by APt 9.5 2.5 12,0
ke HaD 10,5 1N,5 6o
€ 3.0 1.0 1A 7.0
REPLICATION 3
1- 8.5 13.0 .5 16,0
o 7.0 1R,0 14,0 11,5
J=— MR, 12,0 12,0 9,0
b 1.0 9.5 e 18,0
- 1.0 5.0 10,% . 21,5
B 9.0 200 45 13,5
RERPLICATION 4
1—- BaB 18,0 13,0 1 ,D
P h.n 1 hoo1.n T.0
H—- Th,.n Q. 20.7 6.5
b L R R T R T~ B o
B Then 17,0 22,0 19,0
é- 13,5 tR,A 1T ,n 0 13,5
FEPILLICATION 5
1= 23,0 20 2. e
- Th.n 18,0 23N 18,0
B 17D 21.5 0 17,5 16,0
- 5 2ZaH 20,0 DELG
= 4.0 200 21,5 2,6
H—~ 4.5 21.0 270 19,0
REPLICATION &
3 - tH,h 1.0 16,7 24,0
2= 2R,L 16,0 20 ,B 0 o0
3 AreD T L AL 19,0
TR 15, T h,n 15,4 155
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FRIEDMAN 2=WAY ANOVA RY RANKS
TEST BAG SAMPLING SITES -

COLUMMN RANK TOTALS!?

COLUMN 2 = 392,0
COLIMN 7 = 451,0
. COLUMN 8 = 463.0
. COLUMN 10 = 494,0

SIGNIFICANCE LEVEL?,05
CHI-SRHARE = 34039 DF = 3 PROBARILITY = ,38567
NO NOT REJECT HYPOTHESIS THAT THE 4 DISTRIBUTIONS ARE

FROM THE SAME POPULATION,

ANOTHER AMNALYSIS USING THE SAME NATAZNO
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* CHI-SQUARED TEST

THE computer program which runs the Chi-squared test is called
"5;LSTAT; CONTIN". fThis program tests the sampling distribution
(of air or meteorological data) of a short field sampling
perlod and compares it to the historical distribution of the
same variable. This could be used to compare the distribution
of one year's data, for example, with the distribution of the
previous 10 years data at the same location to see if the year
under consideration could be considered a "typical' year.

ThlS program can handle a data matrix of up to 30 columns by 30
rows. The information that is needed for this test can be
obtained from yearly and lO0-year summaries respectively of air
or 'meteorclogical data. The test should be run for the
frequency of occurrence of wind directions and repeated at

least for wind speed classes and stability before observance
of'a "typical" year can be determined. See previous discussion
for complete details.

Thé summary that should be uéed to determine whether the year was
"typical" is the one for all stability classes combined. This
should be for the whole season and can be made up by adding the
total columns from the monthly summary in the "WIND2", "“STAR2"

or "WINDROS" computer printouts if necessary. Page 137 of the
Mefeorology manual will be used to show where the data is Lifted
from the computer summary. Refer to the printout for the Hayward

Airport. This is an example of part of the data required for the
long term sample. '

Fréﬁ that summary page, the 1966-1970 data was obtained. The 1972
data was obtained from a similar summary sheet for the year 1972
alone.
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1966 - 1970

1972

Direction Number of Occurrences Number of Occurrences
N 30 7
NNE 28 4
NE 61 12
ENE 152 30
B 86 le
ESE 65 15
SE 78 18
SSE 49 10
S 23 4
SswW 22 3
SwW 32 6
WSW 56 10
W 97 22
- WNW 52 10
NW 53 11
NNW 32 6
* * %
TOTAL 916 184

1966 - 1970 1972

Speed Number of Occurrences Number of Qccuxrences
0-3 76 18
4-7 552 108
8-12 218 46
13-18 53 1o
19-24 9 2
24 7 0
TOTAL 915 184

*Note: Do not include calms if they have been distributed.

In an actual test, the long term data would be combined with
data for the rest of the months and for each time period.
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A

~COPY CHIXDIRE TO TEL TEXT
- A

HAYWARD AIRPORT 1966=«1970 DATA VS 1972 DATA DIRECTIONv16v2
30 7
28 4
61 12
: 152;::; 30
| 86 16
b 65 15
L - 78;. 18
49 10
23 4
22: 3
32: 6 E
56 10
97 22
524 10
5311

\

“*GOPY CHINSPED To TEL TExT

HAYWARD AIRPORT 1966~1970 DATA vS 1972 DATA SPEEDs6 2
76: 18
552108
218 - 46
i 9 2
e 70
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AS
K_'SILSTATICONTIN? o |
DATA FILENAME OR TEXP' FOR INPUT FORMATPCHI¥DIRE

161



CHI-SQUARE CONTI

DATA DIRECTION

CELL

1,1
1,2
2r1
292
3l
302
4y1]
Y2
5¢1
52
6!1 )
6e2
Trl
Tr2
8»1
Be2
91
92 .
10,1
10e2 ¢
11,1
11,2
1201
122
~ 1301
132
14,1
14,2
15,1
152
16,1
16,2

 CHI-SQUARE (15 D,F,) = 2,0766

5 ‘ .

ACTUAL

30
3
28
4
61
12
152
30
86
16
65
15
78
18
49
i0

23

y
22
3
32
6
56
10
97
22
52
10
53
11
32
&

" EXPECTED

30,8109

- 6,18909

26,6473
5,35273
60,7891
12,2109
151,556
30,4436
84,9382
17,0618
66,6182
13,3818
79,9418
16,0582
49,1309
9,86909
22,4836
4.51636
20,8182
4,18182
31,6436
6435636
54,96

11,04

99,0945
19,9055
516291
1043709

53,2945

10,7055
31,6436
6.35636
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DATA FILENAME OR 'EXP' FOR INPUT FORMAT?CHI%SPED

.
.‘”‘;".,
-
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~ CHISSQUARE CONTINGENCY

DATA SPEED
CELL

1e1 7
1.2
2el
22
3rl
392
4yt .
4r2 =
5r1 ¢ -
502 ©
601 ¢
62 :

ACTUAL

76

18
552
108
218

53

10
9
2
7
0

EXPECTED
78,2621
15,7379
549,5
11045
219.8
44,2002
52,4522
10,5478
9.15833
1.84167
5,82803

1417197

CHI-SQUARE (5 D.F.) = 2.00466

TABLE, s yHAYWARD AIRPORT 1966=1970 DATA VS 1972

le4



The data is entered into the computer in the same mannexr Zs described
for the CATANOVA test. The job title, the number of rows, and the
number of columns are entered on the first line of the data file.

The rest of the datafile is the same as for the CATANOVA test.

The basic mode is entered, and the program is started by typing
LINK '5;LSTAT;CONTIN'. - The computer asks for either the datafile
name (CHIYDIRE in this example) or EXP if program'infprmation is
required.

_ The computer prints out the title of the statistical test followed
by the job title. Next the computer prints out the cell designation,
the actual frequency of occurance as exists in the data file, and
the expected fregquency of occurance according to statistical laws.
The calculated chi-square is printed along with the assoclated
degrees of freedom. In this example, the calculated chi-square

is 2.0766 with 15 degrees of freedom. The statistical value of
chi~square with a 5 percent level of significance is 25,00. Since
the calculated chi-square is less than the statistical chi~-sgquare
(2.0766 £ 25.00) accept the hypothesis that the short term sample
'is the same as the long term gsample.

Question: What are the following values.for the wind speed classes?
ol = .05
calculate chi-square =
Statistical chi-sqguare =
Degrees of freedom =

Conclusions:
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REGRESSION ANALYSIS STEP BY STEP PROCEDURE
1. Collect data.
2. bDetermine physical relationships.
3. Plot data -~ scatter diagram.
4. Use least squares to develop bestline.
5. Use F-test to check significance of entire egquation.

6. Use t—-test to check the significance of the regression
coefficients.

7. Check the highest R-value of equations.

8. Check the smallest Sy (standard error) .

9. Selec£ bést_equationlfrom Steps 5, 6, 7 and 8 above.
10. Consider transformation of data if necessary.

*11. Check assumptions - normality and constant variance
by plotting the residuals.

*Consider Step 11 only if all Steps above are passed.
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data bairs, Say 15 or more, and the ran
4 or greater, then an attempt should be
teéhniques. In addition to telling whe

Métched Sign Testn, If there are a relatively large number of

made to uyse regression
ther the tyo Sels of

Observations are identical, 2 Yegreggion equation will pe obtainedq,
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is fequired for thig test:
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enébling the data to be transformeq from one Sampling techniqgue

@ of thisg linear test is
ample of the data that



PIME.

BAG SAMPLING

FIXED STATION

0700
0800
0900
1000
1100
1200
1300
1400
1500
0700
0800
09200
1000
1100

1200

1300
0800
0900
1000

3

4
4
5
5
7
7
4
3
2
2
2
3
3
5
5
2
2
2

3

5
5
5
6
7
6
4
4
2
2
1
2
4
5
5
2
3
3
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-COPY 'REGRESS TO TEL TEXT

r19

SAMPLING

COMPARING APCO SAMPLING WITH BAG

NN O~ IS AN-HNT W00

3.&.45577432223.355.222




-RAST '
?EIE% LSILSTATILINREG!

*k¥kk MODIFIED 12/6/72 sokxkk

N F "EXPW OGR 2
INPUT DATA FILENAME OR "EXP" FOR PROGRAM EXPLANATIONPREGRESS

DATA TRANSFORMATION CODES:
0 = NO TRANSFORMATION OF DATA
1 =V = LOG10(V) : '
2 =V = 1/7v ' :
ENTER TRANSFORMATION CODES FOR'XQY?2;2

FILE FORMAT:
1 = ALL X VALUES, THEN ALL: Y VALUES
2 = XY PAIRS .
WHICH?2
ok

WHEN ASKED "WHAT NEXT?" ENTER:®
0 FOR NO LISTING OF X» Y=ACTUAL AND Y=CALCULATED
1 FOR LISTING WITH DIFFERENCES AND % DIFFERENCES
2 FOR LISTING WITH 95% CONFIDENCE LIMITS OF YBAR
3 FOR LISTING WITH 95% PREDICTION LIMITS FOR Y

171




LEAST SGQUARES LINEAR REGRESSI
COMPARING APCD SAMPLING WITH'
REGRESSION. EQUATION: Y=,49671

NUMBER ‘OF OBSERVATIONS

STD. ERROR OF Y. ON X =
INDEX OF DETERMINATLON =
COEFF, ‘OF CORRELATION =
SOURCE SS
 REGRESSTON 40,9219
RESIDUAL 8486761
CTOTAL 49,7895
VAR, :f; MEAN ~ VARIANCE
X '3,68421 2467251
Y. L 3.89474 2.76608

©° STD, ERROR 95% CONF

YINTCPTY 417894 - 384973
SLOPE ~ & ,104132 702618

WHAT‘Naiﬁ?z
Se [ —

A S

ON ANALYSIS

BAG SAMPLING

T+,922319%X
19
«722236
.821898.
+906586
DF MS
1 40,9219
17 521624
18
STD. DEV,
1,63478
1.66315

IDENCE LIMITS

1,37841
1.,14202

172
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LEAST SQUARES LINEAR REGRESSION ANALYSIS

COMPARING APCD SAMPLING WITH BAG SAMPLING

REGRESSION EQUATION! YZ,496717+,922319%X

'

NN UTGLONNG F~NUUE £ o

X=ACTUAL

WHAT NtXT?g

VOUNTUTENRNRNEEG O G U 0

Y=ACTUAL

Y=CALC

3,06368

4,186

4,186

5.10831
5.10831
6,95295
6.95295
4,186

3.26368
2434136
2+34136
2434136
Je 20368
S.26368
210831
9,10831
2,34156
2.341356
234136
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95% CONFIDENCE LIMITS

2.88314
3.82959
3,82959
4.,65469
4.65469
6.14493
6.14493
382959

2.88314

1.83231
1,83231
1.83231
2,88314
2.88314
465469
4.65469
1,83231
1.83231
1.832351

S.64421
b4,5424
L5424
5,56194
5.56194
T+ 76097
T 76097
4+5424
Se0UH 2]
248504
2.8504
2.8504
Sebly2]
364421
5.56194
5.56194
2.8504
2.8504
2,8504
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The data file that is requlred to run this statistical analy51s by
computer is shown next. The first line of the data file consists
of a descriptive job title selected by the user, followed by the
number of data pairs to be analyzed. The program is started by
entering the "basic" mode and typing LINK '5;LSTAT;LINREG'.

The program asks for the data file name or EXP for prograﬁ
explaination. In this example, the data file name, REGRESS is
entered. The data is not transformed in this example, so 0,0
(zero, zero) is entered for the data transformation codes. Tt

is good practice to run this program with no transformation and
then to repeat the test later with 1,1 as the transformation

codes. This results in a log~log regression analysis. The program
next asks for the file format. Since the file was constructed as
"xy" pairs, a 2 is entered,

The program then indicates which code (0, 1, 2, or 3) to use at
the end of the run, It then advances the page and prints the
title of the statistical test followed by the job title selected
by the user. Next the regression equation which yields the best
fit is printed. In this example the regression equation is
¥=.496717+.922319%X, The numbers of observation (N), the
standard error of the estimate (S—o, the index of determlnatlon
(r ) and the coefficient of correlatlon (r) axe all printed. TFor
this example these values are the following:

N = 19

S = ,722236 (say .72
r2 = .821898 (say .82
X = .906586 (say .91)
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Next the computer prlnts out the data required to asgess the
varlablllty of the data. These lead to the calculated "F-ratio" and
the degrees of freedom which are the following in this example:

F = 78.4509 (say 78.45)

Degrees of freedom = 1,17

'TheECalculated "F-ratio" is compared to the statistical "F-ratio”

in tables. Use a level of significince of 5 percent and the degrees
of freedom indicated. With 1,17 degrees of freedom at a level of
51gn1f1cance of 5 percent, the statistical "F-ratio" is 4.45,

Since the calculated® M"F-ratio" is greater than the statistical
"F-ratlo“, the relationship between the two sets of data are
significant This means that we can predict a value associated
with' the "y" set of data solely from one measurement from the "x"
locatlon. (The "y" data are the deEendent data.,)

The computer neéxt prints the mean, variance and the standard
deviation of both the “x" and "y" setsg of data. These should

be checked to see if they appear reasonable. Almost all of

the data should fall within a range of the mean minus two standard
~dev1atlons and the mean plus two standard deviations.

Next:the computer tests the regression equation to see if the data
sets are statistically alike. The "y" intercept confidence limits,
- 384973 and 1.37841 should "span" zero. (One should be negative
and one positive.) The confidence interval for the slope should
"span" 1.0 (one value should be less than 1.0 and orne value should
be greater than 1.0). 1If both of the above two conditions are met,
there is, statistically speaklng, no difference between the two
sets of data. '
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The computer then asks WHAT NEXT?. This is the place to input the
code listed before the computer started the statistical analysig,
It is recommended that the code "2" he used in order to get the
confidence limits of the regression line. This was done in this
example. The computer moved to a new page and repeated the job
title and the regression equation. It then proceded to print

out the actual x value, the actual Yy value, the y value from the
regression equation, and the lower and upper confidence limits
réspectively for each observation in the data file. At the end of
this procedure, the computer once again asked WHAT NEXT?. As

.no further information was required, a "O" was entered.

This test should be performed three times. When the initial

data is collected and before any further field sampling is
conducted, run this test to verify‘calibration, instruments, etc.
The comparative data should be obtained twice more, once about

half way through the period of sampling and again when all sampling
is complete. All three sets of data should be combined at the

end of the sampling period to obtain an overall check. If
discrepancies are noted at this time, the data should be run
separately to see when the problem occurred,
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o

STEPWISE MULTIPLE LINEAR REGRESSTION

This;statistical technique can be of value when continuous
sampling is not possible at a site. For CO, continuous
multiple bag sampling is the best approach. However, when a
mobile van is required at more than one location, this
technique can be of help for f£illing in the data set. &
regression equation is used to estimate the field data from
othetfdata which is continuously measured.

The derived relationship can be used to estimate the field
concentrations for time periods during which field measurements
were not ma&e,laS‘long as similar meteorological and traffic
conditions éxist, o ' ‘

An eﬁample of the data requiredﬁfor this test follows.
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0600
0700

0800
0900

1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
0700
0700
0800

0800

1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
0600
0700
0800
0800
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900

Van APCD Sky
Time Ozone Ozone Code Height

.03

.03
.03
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.02
.02
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.04
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10
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23
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35
35
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Date

6=14-73

0600
0700
0800
0900

1ooo
1100 .

1200
1300
14090
1500
1600
1700
i80¢
1900
0600
0700
0800
0900
1000
1100
1200
1300
1400
1500
l604Q
1700
1800
1200

Van APCD Sky
Time Ozone Ozone Code

'04
.05
.04

.04
.03
.03
.02
.0L
.01

.02
.02

.03
.03
.03

Inversion Wind

Height

15
10
10
12
16
18
20
20
20
24
24
22
22
22

10
15

20

25
25
25
27
3a
25
24
20
17

Speed



The"fbilowiﬁg”ié'a listing of the data used in the derivation

of the relationship between the van ozone measurements and the
other data as described above. .




-coPY STEP

fo_TEL TEXT

06
n7
na
09
10
11
12
13
14
1%
16
17
18
19
06
07
08
i)
10
11
12
13
14
15
16
17

172
06
07
08
09
10
11
12
13
14
15
16
17
18
19

.03
« 03
«03
.05
«05
«05
«05
07

.07

206
.05
<03
.03
.01
.02
.02
.02
.03
«03
04

.07
06
06
~0k
«03
.03
.02
.02
«03
.03
«0u
«05
.04
0l
.04
«03
03
.02
.01
.01

Iou
« 04
03
.04
« 04
0L
05
«06

006

£ 06
.06
L
Ol
.03
.02
.02
.01
.02
.03
.02
.02
. Ol
.06
‘07
.04
.03
.02
.02
102
.02
.02
.02
.03
.03
.03
.03
.03
.03
l02
.02
.01
N1

1
i
2
2
2
2
2
2
2

2
2
3
2
2
0
0
1
1
1
1
1
2
3
3
2

HMNNFFFF&WFFFFL‘!UU

5

7
10
12
12
14
16
20

.25

25
27
28
30
32
10
10
15
15
16
16
17

20

25
25
25
30
39
35

7
o9
10
15
20
25
25
25
27
30
25
2u
20

17

2
2
3
5
5
6
7
7
7
6
5
4
4
2
2
2
3
]
3
3
5
5
7
7
6

u
4
)
2
2
3
I
6
6
6
6
5
5
5
3
3
2
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I program details, type EXP the first time
this program ig used. This will initiate g Printout of about 5
Pages of explanation, This ig good reference material which can
be used if difficulties are encountered,

Wﬁen ready to run the Program, input thpe hame of the datafile
which contains the data (sTEp in this example), After "JoB
TiTLE?“ is printed by the Computer, entear any descriptive Jjob
title, This number of variables is the Same as the number of
chumns in the datafile, Always type in No when agked if a
fééced Zero intercept is‘required.

vagiable noted as x(1) isg the variaple in the firgt column of
théldatafile, ete. In thig eXample, the time of day ang height
to ‘the inversion base were divideq by 100 so that the Computer
would have room to pPrint the Coefficient of these variableg
(théy are low numbers) ,

meaﬁ, variance and standard deviation for each vVariable, This
is similar to the information in '5;LSTAT;LINREG'. yext the
~corfelation matrix is Printed, This given an idea of the per-
cent of Correlation that each variable hag with each of the
other variables,

Control dats is ‘asked for next,

The F - level for inclusion and deletion‘and the Tolerance Level
are faquested. For the first run of a get of data, enter won
(zero) for a1z three, ‘ '
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5

PLINK *SI_STATISTPREG!
PR EEEND

*kkxk MODIFIED 2/27/73 kkikk
DATA FILENAME OR 'EXP' FOR PROGRAM INFORMATION?STEP
’ [~ = "

A WORK FILE '$REG' HAS BEEN CREATED FOR HSE BY THIS
PROGRAM, DELETE THIS FILE WHEN COMPLETED WITH THIS RUN,

JOB TITLE?LOMPARE VAN OZCONE TGO _APCD OZONE~—~SAMPLE DATA

NUMBER GF VARIABLES?
FORCE ZERC REGRESSICN INTERCEPT (YES OR NC) PNO

V'LABELS<=10 CHAR. (ENTER NUMERIC "0" FOR BLANK) @

X{1) = ?TIME/100

X(2) = PYAN GOZ,

X{3) = ?

X{g4y = ? 0

X(5) = PINV/100

X(6) = 2PWIND .
. PRI TRIN
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STEPWISE MULTIPEE LINEAR REGRESSION

COMPARE VAN OZONE TG APCD OZGNE=--SAMPLE DATA

184

NUMBER OF OBSERVATIONS 42

NUMBER OF VARTABLES., - 6

FORCE ZERO INTERCEPT - NO

VARTABLE | MEAN - VARIANCE STD. DEVS
TIME/100 1 12.,50000 1664634 4,07999
VAN 0Z, 2 103667 J00027 <01633
APCD 07. 3 03262 .00023 401531
SKY''CODE 4 2,38095 1.60743 1.26785
INV/100 5 19,85714 65,10105 8:06852
WIND SPi 6 . 4,28571 . 2,89199 1.70058
' CORRELATION MATRIX

RGW 1

. 1,.00000

Row 2 -

12813 1,00000

§0w 3 2o o

5, 13470 LBus542 1.00000

N «10845 20420 « 03530 1,00000

ROW 5 .

T LRT056 24250 L18671 .33686  1.00000

RO 6 e o

L .256A1 .87828 68246 35553 L3911 1.006006



Control values for the variables asked for next. Alsokentef a
numeral 1 (for the first run of a set of data) for the fleld
measurement that you are trylng to predict and a numeral 2 for
the rest of the variables. When asked for the number of steps, -
enter the maximum number that may be required. This control
data will give the computer freedom to consider all the data

and will give the user an idea of the order of lmportance of the
variables., '

The computer next goes through a stepwise process. The computer,
at Step 1, enters the independent variable which explains the
largest amount of the variation in the dependent variable. The
variable which explains the next largest amount of variation is
entered next, and so on. This process is tepeated until either
all the variables are used or until the improvement is 1nsmgn1-
ficant. At this point the computer prints "F-LEVEL OR TOLERANCE
INSIGNIFICANT FOR FURTHER COMPUTATION". It then prints a summary
of the steps, listing the multzple correlatlon, gtandard errox,
F-ratio and the number of varlables that are in the flnal
regression equation.

Look at Problem 1, Step 4' The first five lines are the input |
data. The variable that was entered in thls step was varlable
number 4, the sky code. The multiple correlation is .94 This
means that 94% of the variation in the dependent varlable (the
van ozone) is explained by the four variables in the regression
(time/100,APCD Ozone, sky code, and wind speed) .

Next an analysis of variance (ANOVA) table is printed. _ The llne
labeled "REGRESSION" is for the variation that is explained by

the regression equation and the line labeled "RESIDUAL" is the
variation that is in the error term (Made up of measured and
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‘CONTRGL DATA FOR PRGBLEM No. 1

F=LEVEL FOR INCLUSION (0=:01):PQ
F=LEVEL FOR DELETION (0=.005)70
TOLFRANCE LEVEL (0=5001)2Q

VARIABLE CONROL VALUES -
‘0 - DELETE VARTIABLE FROM ANALYSIS
#1 = DEPENDENT VARIABLE ,
'2 - FREE VARIABLE -~ MAY BE USED IN ANALYSIS
3 TO 9 ~ FORCED VARIABLE - LOW TO HIGH LEVEL

CONTROL VALUE FGR?

TIME/100 1 = 2
VAN 027 2 = ?
APCD G2, 3 = 2
SKY CODE - 4 = 22

INV/100 5 = 22
WIND SP, 6 =72

‘THIq PROBLEM MAY" REQUIRC ue TO 10 STEPS TG SOLVE,

ENTER THE MAX IMUM NUMBER OF STEPS DESIRED FOR SOLUTION’IO
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§TEPWI§E MULTIPLE LINEAR REGRESSION

COMPARE VAN GZONE TG APCD 0Z0ONE-~SAMPLE DATA

PRGBLEM NUMBER 1 F TO ENTER 201000
STEP NUMBER 1 ( F T0 REMOVE 060500
DEPENDENT VARIABLE 2 (VAN 02,) TOLERANCE LEVEL .00100
VARIABLE ENTERED A (WIND SP,)
MULT. CORR. CGEFF, 87828
STD. ERROR EST. 00791
ANOVA TABLE

DF SUM OF SQ% MEAN SQ., F-RATIO
REGRESSION 1 00843 .00843 134, 96144
RESTDUAL 40 .00250 .00006
TOTAL 41 .01093

VARIABLES IN REGRESSION

VARIABLE  COEFFICIENT STD, COMPUTED  RETA  F-0UT TyP

ERROR T- VALUE  COEFF,
INTERCEPT ' 00052

WIND SP, 6 00843 «00073 11.617 « 8783 1.3E+02(2)

VARTABLES NOT IN REGRESSION

VARTABLE PART. CORRy TOLERANCE F=1IN TYP
TIMEZ100 1 -.21044 -« 334 1.5 (23
APCD CZ7. 3 « 70396 «H34 J3.8E+01(2)
SKY CORE 4 ~ 24179 C 874 2,4 (23

INVZ1IOOD 5 -.23585 « 845 2.3 (2)
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STEPWISE MULTIPLE LINEAR REGRESSION

COMPA§§ VAN OZONE TG APCD O7ONE=-SAMPLE DATA

PRGBLEM NUMBER

1
STEP NUMBER 2
DEPENDENT, VARIABLE 5 (VAN 07)
VARIAHLE ENTERED 3 (APCD 0Z.)
MULT. ‘CORR. COEFF, JO4057
STD. ERROR EST: .N0569

ANOVA TABLE

DF  SUM OF sa,

F TO ENTER
F TO REMOVE
TOLERANCE LEVEL

MEAN S@;

REGRESSION 2 00967 . 00484
RESTOIAL 39 200126 200003
TOTAL - e 01093

?* VARIABLES IN REGRESSION

 VARIABLE  COEFFICIENT

‘INTERCEPT -.00N256
APCD 0Z. © 3 49114
WIND SP. & . 00542
_ VARTABLES

VARTABLE PART, CORR,
TIME/100 & 1 -.2%997
SKY' CODE + &4 -.04159
CINVZ100 5 ~221230

STD, COMPUTED BETA

ERRCR . T=

« 07935
200071

VALUE COEFF,

6,190 w461
7.581 564

NOT IN REGRESSION

TGLERANCE -
931

« 793
832

188

F-1IN TYP
2.3 (2)
6.HE=-02(2)
1.8 {2)

«01000
«00500
« 0010145

F=RATIO

149, 58660

F=QUT TYP

3.8E+01(2)
S.7E+01(2)



QTEPWISE MULTIPLE LTINEAR REGRESSION

COMPARE VAN OZONE TG APCD QZCONE--SAMPLE DATA

PROBLEM NUMBER 1 F To ENTER. 401000
STEP NUMBER 3 , "F TG REMOVE . L,00500
DEPENDENT VARTABLE 2 (VAN 0Z.) TOLERNCE 1.EVEL 00100
VARTABLE ENTERED 1 (TIME/100)
MUILT, CCRR. COEFF, + 94010
STD, FRRCR EST: .00557
ANGVA TABLE

DF SUM OF SQ% MEAN SG@, F-RATIO
REGRESS ION 3 . 00975 «00325 103, 87860
RES IDUAL 38 200119 » 00003
TOTAL 41 .01093

VARIABLES IN REGRESSIGN

VARIABLE COEFFICIENT STD., COMPUTED BETA F=oUT TYP
' ERROR T= VALIE COEFF,
INTERCEPT 00081
TIME/ZL100 1 =. 00034 » 00022 -1.524 -.084 2.3 (2)
APCD 07, 3 48433 07816 64196 « 454 3.8E+01(2)
WIND SP, 6 «00567 00072 7.853 « 590 6.2E+01(2)

VARTIABLES NOT IN REGRESSINN

VARTABLE PART. CORR, TOLERANCE F=IN  TYP
SKY CODE 4 -, 04241 793 6eTE=~02(2)

INV/Z100 5 -.00873 «206 2.,8E«03(2)
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STEPWISE MULTIPLE LINEAR REGRESSION

COMPARE VAN GZONE TG APCD GZONE=-~SAMPLE DATA

PROBLEM NUMBER
STEP -NUMBER

1

‘ } : , 4
DEPENDENT VARIABLE 2
I

VARIAGLE ENTERED

MULT.

REGRESSICN

RESINUAL
TOTAL .

VARTABLE

INTERCEPT
TIMEZ100 1
APCD 07, .3
SKY CODRE~ &
WIND SP. 6

VARTABLE

INV/100 5

CORR;
STD. ERROR EST,

CCEFF.

(VAN 0Z.)

(SKY CODE)
94420
. 00566

~ ANOVA TABLE

SUM-OF SOF

L 0N97S
00119
«01093

F TO ENTER
F TO REMOVE
TOLERANCE LEVEL

\

MEAN SQ%

00244
0060603

VARIABLES IN REGRESSION

COEFFICIENT

00110
=y 00034
(47783
-. 00020
<00576

STD. CO
ERROR T=

00022
. 08304
, 00078
.00082

VARTABLES NOT IN REGRESSION

PART. CORR,

«0N921

TOLERANCE

« 173

MPUTED BETA
VALVE COEFF.
5.754 448
-.258 -.016
7.064 « A0
F-1IN TYP

3.1E=03(2)

«01000
« 00500
»00100

F-RATIO

T6,01206

F-0UT TYP

2¢3 (2)
3.3E4+01(2)
6., 7TE-02(2)
5.0E+N1(2)

F~-LEVEL GR TOLERANCE INSUFFICIENT FOR FURTHER COMPUTATION,
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STEPWISE MULTIPLE LINFAR REGRESSION

COMPARE VAN OZONFE TO APCD'OZONE——SAMPLE DATA

SUMMARY TARLE

STEP VARTABLE MULT,
NUMBER NAME 1IN QUT CORR,
1 WIND SP, 6 . 87828
2  APCD 02, 3 « 4057
3 TIME/100 1 « 9410
4  SKY CODE " &4 <4420

RESIDIIAL ANALYSIS (YES OR NO)PYES

191

STD,
ERRCR

00791
00569
400559
00566

F
RATIO

134,.96144

143,58660.

103,87860
" 76,01206

NO: IN
REG.,

F W N -



STEPWISE MULTIPLE LTNEAR REGRESSION
COMPARE VAN OZONE TO APCD OZONE=-—-SAMPLE DATA

PROBLEM NUMBER 1

DEPENDENT VARIABLE 2«VAN 07,
INDEPEND. VARIABLES  1-TIME/100 3-APCD 0Z. 4~SKY CODE

: 6~WIND SP,
0RS. ACT. CALC, RES IDUAL NORM, DEV
1 03000 02951 00049 08741
2 03000 02317 « 00083 14709

3 03000 + 02961 . 00039 06922
S 4 05000 « 04557 » 00443 . 78293
©5 « 05000 »0U523 00477 «BU261
6 « 05000 05065 -, 00065 -.11489
o7 «NS5000 + 06085 -«01085 -1.91633
58 « 07000 ;06529 200471 83176
09 «07000 06495 00505 89144
10 06000 « 05886 00114 20215
11 «05000 05276 -.00276 -. 48715
12 03000 « 03690 -200690 -1,21904
13 03000 203677 -+ 00677 ~1.19507
14 02000 02013 ~-.00013 -.02325
15 »01000 . 02015 -.01015 -1,79278
16 02000 «01981 00019 03307
17 02000 .02025 -, 00025 -, 04480
18 ~ .02000 «02469 -. 00469 ~. 82904
19 «03000 202913 0087 15288
20 «N3000 02402 . 00598 1.05649
21 « 04000 «03520 00480 «BU4T736
22 . 05000 #0uy22 200578 1.02166
23 « 07000 - +06475 «00525 ¢ 92715
24 06000 206919 -.00919 -1.62326
25 06000 04896 «01104 1.94969
26 « 04000 " .03212 .00788 1.39105
27 03006 . 02701 «00299 « 52850
28 03000 « 02091 .00969 1.60537
29 « 02000 «01934 00066 11624
31 .N300G0 . 02443 00557 98458
32 03000 02985 00015 02707
33 04000 « U560 -.00560 -. 98968
34 . 05000 . 0U4527 00473 83617
35 . 04000 204513 -,N0513 -, 90602
36 04000 «04L79 -,00479 ~-, 84634
37 04000 «03869 00131 23053
38 03000 .03836 -. 00836 ~1.47595
39 « 03000 03364 -.00364 ~. 64377
40 .N2000 v 02179 -.00179 -.31587
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STEPWISE MULTIPLE LINEAR REGRESSION

COMPARE VAN OZCGNE TG APCD GZONE~=SAMPLE DATA

PRCOBLEM NUMBER 1
INDEPEND, VARIABLES

GBS, ACT.
41 «0100N
42 «01000

DEPENDENT VARIABLE 2-VAN 07,

1-TIME/LO0 »  3=APCD 07. »  i=SKY CGODE
6-WIND SP.

CALC, RESIDUAL NORM, DEV
.01078 -,00078 - 13727
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STEPWISE MULTIPLE LINEAR REGRESSION
COMPARE VAN OZONE TG APCD 0Z2GNE=-SAMPLE DATA

éROBLEM‘NUMBER 1‘ DEPENDENT VARIARLE 2-VAN 07,

INDEPEND. VARIABLES 1-TIME/100 »  3=APCD 02, ,  4-SKY CODE
: A~WIND SP,

HISTOGRAM OF RESTDUALS (NORMAL DEVIATES)

R &
o .
Kk
. s Hkw
D=1 kK
: b 3 33
HE
TRE
0 kKK kikkk
T T I
HE _
okiewokk
1 +%kkkok

N
v
%*

"TEST FOR EXTREME RESTIDUAL VALUES (DIXON CRITERION)

R22. (MIN) = 089 R22 (MAX) = ,156

R(T) = -,011 R(25) = 011
R(15) = “i010 R(28) = .009
R{24) = ~-.009 R(26) = .008

- DO YOU WIQH PLGTS (YES OR NO)?
ANOTHER PRCBLEM USING. THE SAME DATA {YES OR NO)’YCS
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unmeasured variables). The column headed "DF" is the degrees
of freedom for the regression and residual respectively. The
degrees of freedom agsociated with the regression is equal to
the number of variables in the regression equation. One degree
of freedom is "consumed" by each variable. The total degrees
of ffeedom is equal to one less than the total number of
observations. The "SUM OF SQUARES" column measures the
‘variability-of the regression and residual respectively. When
dividéd by the degrees of freedom, this produces the "MEAN
SQUARES“. The ratio of the mean squares is the F-ratio.

',;Next the computer llStS a descrlptlon of the variables that are
eused 1n the- regre531on equatlon. The column labeled “COEFFICIENT"
is where the regressmon equatlon ig listed. For this equation,
the qegreSSLOn equation is:

-6

Van oz = 0,0,1l1 - 3.4x10 (PTIME) + .48 (APCD OZ)

=4 (sky Code) + 5.76x10”°

- 2.0x10 {(Wind Speed)
The'éemputed T-value, the standard error and the Beta coefficient
are ail important in the individual variables which make up the
regreésion equation. Use the computed T-value to test the
significance of each variable. If the absolute value of the

computed T-value is greater than the tabled value (1.68 with

= .OS?and 40 degrees of freedom), then the variable has a statigtical
significance. If the value in the "F-QUT" column is greater than

the “ﬁ to REMOVE" value selected by the user, the variable will be
removéd in the next step.

The eomputer next prints a description of the wvariables which

are available for use in the regression, but have not been used
yvet, The "F-IN" column dictates when each variable is considered
in the regression equation}'with the higheet F-IN considered
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first. Note the variable number 5 does not enter since its
"F-IN" is less than 0.01.

At this point, review of the Summary Table indicates that the
greatest amount of improvement in the regression equation occurred
at Step 2. The F-ratio improved to 149.6, the standard error of
the estimate dropped to 0.0057, and the multiple correlation
coefficient improved to .94. From this information, it seems

that a regression equation with wind speed and APCD oZzone as

the only independent variables may constitute a sufficient
equation. These variables alsc make sense intuitively. Thérefore;
the stepwise process will be repeated and forced to terminate at
the end of Step 2. However, a residual analysis will be done
first so that the residuals generated by the current equation can
be compared to the residuals obtained in future trials (Problems
#2 and #3).

To initiate the residual analysis type YES when asked. The
computer will print the problem number, the dependent variable,
and the independent variables that are in the regression equation
in order. to help identify the data. Note, however, that the
regression equation is not printed. Be sure to keep all of the
following sheets (residual and plots) with the "Steps" sheets.
The computer now prints the number of the observation, the

actual measured value of the dependent variable (labeléd "ACT,."),
the value of the dependent variable calculated from the regression
equation (labeled "CALC."), and the unit normal deviate (labeled
NORM.DEV). On the next page, a histogram of the unit normal
deviates is plotted. This plot should resemble the "normal bell-
shaped curve", centered on zero. This is a visual test of the
assumption of normality. In this example, the curve reasonably
approximates a normal distribution. At the bottom of the page

is a test for extreme values (outliners). The critical value is
printed when the number of observations is 30 or lesg. It is not
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' CONTRGL DATA FGR PRGBLEM NG, 2

F~LEVEL FGR INCLUSION (0=401)2Q
F=LEVEL FOR DELETION (02,005)20
TOLERANCE LEVEL (0=,001)?Q

VARTARLE CGNROL VALUES :
N = DELETE VARIABLE FROM ANALYSIS
1 = DEPENDENT VARIABLE
2 = FREE VARIABLE -~ MAY BE USED IN ANALYSIS
3 TCO 9 -~ FORCED VARIABLE = LOW TQ HIGH LEVEL

CONTROL VALUE FOR?

TIME/100 1 .= 2Q
VAN G2, 2 = 2L
APCD 07Z. 3 = 22
SKY CQDE 4 = 20
INV/100 5 = ?Q
WIND SP, 6 = 22

THIS PROBLEM MAY REQUIRE UP TO 4 STEPS TO SOLVE,

ENTER THE MAXIMUM NUMBER OF STEPS DESIRED FOR SOLUTIGN?S
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STEPWISE MULTIPLE LINEAR REGRESSION

COMPARE VAN GZONE TG APCD O7ZONE=--SAMPLE DATA

PROBLEM NIIMBER 2 F TO ENTER .010N00
STEP NUMBER 1 F TO REMOVE + 00500
DEPENDENT VARIABLE 2 (VAN 07,) TOLERANCE LEVEL 00100
VARIABLE ENTERED 6 (WIND SP,)
MULT, CORR, COEFF, .87828
$TD., ERROR EST. 00791
ANOVA TABLE

OF SUM OF SQ. MEAN SQ, F-RATIG
REGRESSIGN 1 , L00843 00843 134 ,961440
RESINUAL 40 . 00250 L00N06"
TOTAL 41 01093

VARIABLES IN REGRESSION

VARTABLE COEFFICIENT STD, COMPUTED ~ BETA F=QUT TYP
"ERROR  T= VALUE  CQEFF,
INTERCEPT 00052 ‘
WIND SP, 6 00843 .00073 11.617 <878  1.3E+02(2)

VARTABLES NOT IN REGRESSION
VARTABLE PART, CORR, TOLERANCE F=IN TYP

APCD 072. 3 » 70396 534 3.8E+01(2)
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%TEPWI%E MULTIPLE LINFAR REGRESSICN

CAmw M ETIE O QATAY b e

COMPARE VAN GZONE TG APCD CGZONE--SAMPLE DATA

PROBLEM NUMBER

v\ L]

&)

F TO ENTER
o F TG REMOVE
(VAN 0Z5) TOLERANCE LEVEL
(APCD 67,)
94057
00569

ANAVA TABLE

SUUM OF SQ, MEAN SQ,
00967 200484
00126 .00NN3
01093

VARIABLES IN REGRESSION

STEP NUMBER

DEPENDENT VARTABLE

VARIABLE ENTERED

MULT. CORR. COEFF,

STD. ERROR EST,

DF

REGRESSTON 2

RES TDUAL 39

TOTAL 41

VARTABLE COEFFICIENT

INTERCERT -.00256
APCH GZ, 3 49114
WIND SP. 6 00542

F=LEVEL OR

STD. COMPUTED BETA
ERROR T- VALUE  COEFF,
$07935 64190 461
75581 . 5hlL

«00071

200
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« 01000
« 00500
«00G100

F-RATIC

143,58660

F=0uT

TYR

J«8E+01(2)
« TE+0L(2)

TOLERANCE INSUFFICIENT FOR FURTHER COMPUTATIGN,



STEPWISE MULTIPLE LINEAR REGRESSION

COMPARE VAN GZONE TG APCD GZONE=~SAMPLE DATA

SUMMARY TABLE

STEP VARTABLE MULT; STO. F ~ NOW IN
NUMBER NAME IN GUT CORR, ERROR RATIC REG.
1 WIND SP, & .87828 00791 134, 96144 1
2  APCD 067. 3 <4057 00569 149, 58660 2

.

RESIDUAL ANALYSIS (YES OR NO)2YES
O
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| STEPWISE WMILTIPLE UINEAR REGRESSTON

COMPARE VAN OZCNE TO APCD OZONE=—SAMPLE DATA

PROBILEM NIMBER 2

INDEPEND, VARIABLES -

ORS.

FUN .

ACT.

03000
«03000
03000
05000
05000
05000
05000

. .07000

07000
« 06000

+05000
03000

+a300n .

202000
01000
2000
02000
©02000
03000

« 03000

» 04000

05000
“07000

06001
06000

04000

« 33000
(33000
« 02000
02000

03000
03000
040010
05000
04000
., 04000
04000
« 33000
»03000
02000

3=-APCD 07,

CALC,

«02791
«02791
«02842
»0U416
04416
« 04958

- +05990
,06481

- 06481
« 65940

205398
703874

- +03874

02300
»N1809
«01809
»01859
+02351

02842

02351

03434
204416
« 06481

406973
. 04958

« 03383

 «02892

« 02351
« 11809

DEPENDENT VARTABLE

«01809 -

02351
«02892
e N4466
s0uu66
T 04u66

. 04466

« 03925
203925
03434
302351

202

6=-WIND SP,

RESIDUAL

00209
«00209
»00158
+00584
%00584
00042
=+ 00990
+00519
»00519
.00060

-¢00398
~-300874
-3 00874
-.00300
-+00809
«00121
s 00141
=+0N351
.00158
00649

«N0566
« 00584
« 00519
s 009?3
01042
00617
00108
« 00649
« 00191
00131

00649
.001N8
-; 00466
«00534
=, 00466
-:00466
00075
-3 00925
-, 00431
-, 00351

NORM, DEV

V36710
236710
27839
1,02704
1,02704
. 07455
«91192
«91192
«10570

—-70051
-1,53788
-1.5378A8

-252783
-1542276

+33595
“24724

-, 61654

+27839

1.14217

,97589
1502704
591192
-1.71057
1.83326
1.08460
. 18967
1.14217
. 33595

. 33595

1.14217
18967
-.82038
« 93833
-, 82038
-, 82038
Y 13211
-1,62860
-. 76282
-, 61654



STEPWISE MULTIPLE LINEAR REGRESSION
CGMPARE VAN O7ONE TG APCD OZ0NE=-SAMPLE DATA

PROBLEM NUMBER 3 . 'DEPENDENT VARIABLE 2-VAN 07,

INDEPEND, VARTABLES  3-APCD 07 »  6-WIND SO,

oBS, ACTy - CALC, RESIDUAL NORM, DEV
81’ «N10N0  .N1859 ~.0N859 -1,51147

42 «N1000 +01318 ~.00318 - =+55898
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© N STEPWISE MULTIPLE | INEAR REGRESSTON

CGMPARE VAN 0ZGNE TO APCD 07Z0NE-~SAMPLE DATA

"
PRGRLEM NUMBER 2 DEPENDENT VARIABLE 2-VAN 07.

INDEPEND. VARIABLES  3-APCD 07, »  6=WIND se,

HISTGGRAM OF RESINDUALS (NORMAL DEVIATES)

* sk
$okodok

Hokok ok

Fk ok

* k ’
kool ok kokk

TR -.u +: ‘e o am + uo

¢ KoKk

LI )

<

TEST FOR EXTREME RESIDUAL‘VALUES (DIXGN CRITERION)

R22 (MIN) = .040 R22 (MAX) = ,200
R{(7) = =010 R(25) = «010
R(24)y = -.010 R{(31) = . 006
RI38) = = «NGA

=.009 R{28)

DO YU WISH PLOTS (YES GR NO)2NO
ANGTHER PRGRLEM USING THE SAME DATA (YES GR NO)PYES

204



valid when the critical value is not printed. If the printed
values are less than the critical vélue then there are no outliers.

Since it appears that a shorter regression equation will be valid,
Plots are not obtained. It is necessary to obtain plots only for
the final regression equation.

Problem 2 is the same ag pProblem 1 except that variables 1, 4,
and 5 are excluded. This will stop the stepwise process at
Step 2. Alternate methods of stopping the procesgs would be to
use an F level for inclusion of 2.4 (see Step 2 of Problem 1)
or enter a maximum number of 2 Steps., The first two stepé of
pProblem 2 are exactly the same as problem 1. Residualg are
calculated. The resulting histogram of the residuals for this
Problem not very similiar to a normal distribution.

It was decided at this point to try one more variable in the
analysis to see if a better histogram can be obtained, This
brings in the variable TIME/100. ‘The computed t-value for

this variable is -1.5. The critical value for 41 degrees of
freedom is 2.02. It wasg decided to include this variable in

an attempt to improve the histogram on Page 204. However,

in addition to violating the t-test, the plot of TIME/100 'versus
VAN OZONE indicates that another term should be considered in
the analysis (a Square or cross-product term). Thus, the best
regression equation from this set of data is obtained at the end
of Step 2.

The plots are examined now in order to see if the equation if
adequate. Look for a nonuniform scatter in the plots of
residuals versus:

1. observations

2. calculated
3. all independent variables
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CONTROL 'DATA FOR PROBLEM NG, 3

F-LEVEL FOR INCLUSIGN (0= «01)20
F-LEVEL FOR DELETION (0=.005)7 D
TOEERANCE LEVEL (0= -OﬁlfﬁL

VARIABLE CONRCOL VALUES o
.0 = DELETE VARIABLE FROM ANALYSIS
1 - DEPENDENT VARIABLE
2 - FREE VARIABLE = MAY BE USED 1IN ANALYSI%
3 TG 9 = FORCED VKRIABLE - LOW TO HIGH LEVEL

CONTROL VALUE FOR?

TIME/LOn 1 = 22
VAN-0Z, 2 = 21
APCD. 0Z, . 3 = ?T
SKY CODE 4 = 20
INV/100 5 = ?Q
WIND SP, 6 = 22

THIS PROBLEM MAY REQUIRE UP TO 6 STEPS TO SOLVE,

ENTER THE MAXIMUM NUMBER OF STEPS DESIRED FOR SOLUTTON?6
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STEPWISE MULTIPLE LINEAR REGRESSION
COMPARE VAN OZGNE TG ARCD OZONE==-SAMPLE DATA

F TO ENTER «01000

PROBLEM NIMBER 3
STEP NiJMBER 1 _ F TGO REMOVE L 0500
DEPENPENT VARIABLE 2 (VAN 0Z.) TOLERANCE LEVEL 200100
VARIABLE ENTERED . 6 (WIND SPy)
MULT, CORR, COEFF, .87828
STN, ERRGR EST. 00791
ANGVA TABLE

nF SUM OF SQ% MEAN SQ. F-RATIG
REGRESSTON 1 _ .00843 L0084 174, 96144
RESTOIAL 40 . 00250 00006
TOTAL 31 01093

VARTABLES IN REGRESSION

VARTABLE COEFFICTIENT STDe COMPUTED BETA F=0UT TYP
: ERROR T- VALUE  COEFF,
INTERCEPT 00052
3E+02(2)

WIND SP., 6 00843 «D0O73 11.617 eB78 1.2

VARTIABLES NGT IN REGRESSIGN

VARIABLE PART. CORR, TOLERANCE F-IN  TYP
TIME/Z1NO 1 ~. 21044 . 34 1.8 {2)
ARCD 07. 3 . 70396 534 3. AE+01(2)
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STEPWISE MULTIPLE LINEAR REGRESSION

COMPARE VAN GZONE TO APCD GZONE=-~SAMPLE DATA

PROBLEM NUMBER
STER - NUMBER
NEPENDENT VARIABLE

VARTABLE ENTERED

MULT. CORR,
STD. .ERRGR EST,

REGRESSION °

RESINUAL
TOTAL

VARTIARLE

INTERGERT
APCD 078 3
WIND SP: 6

 VARTABLE

TIMEZ106 1

3 F TG ENTER
2 F TO REMOVE
2 (VAN 07.) TOLERANCE LEVEL
3 (APCD 07,)
CGEFF. . 4097
. 00569

ANOVA TABLE

DF  SUM OF SA. MEAN SAQ.

2 « 00967 *0nu8y
39 s0n126 00063
B 01093

VARIABLES IN REGRESSION

- COEFFICTENT STO, COMPUTED
"~ ERROR T= VALUE
-.00256 _
49114 07935 6190
00542 00071 7.581

VARTABLES NOT IN REGRESSION
PART. CORR. - TOLERANCE F=1IN

- 23997 . 931 2.3

208

BETA
COEFF,

61
+ 564

TYP

(2)

01000
« NO500
00106

F-RATIO

149,58660

F=QUT TYP

3.8E+01(2)
S5.7E+N1(2)



STEPWISE MULTIPLE LINEAR REGRESSTON

COMPARE VAN OZONE TO APCD 0Z0NE==-SAMPIE DATA

PROBLEM NUMBER 3 F TGO ENTER .010010
STEP NUMRER 3 F TO REMOVE .N500
NEPFNNENT VARTARLE 2 (VAN G7.) TOLERANCE I.EVEL . 00100
VARIABLE ENTERED 1 (TIME/100}
MILT. CORR. CGEFF, .34410
$TD, ERROR EST. . 00559
ANOVA TABLE

DF SUM OF SQ. MEAN SQ. F=RATTG

REGRESS ION 3 L00975 00325 103.87860

RESTINIAL 38 00119 00103
TOTAL 41 « 01093 "

VARIABLES IN REGRESSTIGN

VARTIARLE COEFFICIRENT STD. COMPLUTEN BETA F-0UT TYP
ERRMOR  T= VALUE COEFF,
INTERCERT .00081 _
TIME/Z100 1 -.00634 00022 ~1,524 -.084 2.3 (2)
ARPCD 07, 3 L4B433 07816 6.196 © L4554 3 BE+01(2)
WIND SP. & «ON567 «NNNT2 . 7.853 590 62FE+01(2)

F~LEVEL. OR TGLERANCE INSUFFICIENT FOR FURTHER COMPUTATION,
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 STERWISE MULTIPLE LINEAR REGRESSTON

ML g o R T SR e € MR U R g e e
DAL ETA T EORORE R S

CGMPARE VAN QZONE TO APCD OZONE--SAMPLE DATA

SUMMARY TABLE

STEP VARIABLE MILT,

NUMBER NAME IN QUT CORR,
1 WIND SP, 6 ATR28
.2 APCD 07, 3 « 94057

3 TIME/100 1 04410

A

* RESIDUAL ANALYSIS (YES OR NG)PYE

STD.
ERROR

00791
,00569
. 00559

F
RATIN

134:96144
143,58660N
103, 87860

NG, IN

REG,

N =



STEPWISE MULTIPLE LINEAR REGRESSION

COMPARE VAN OZONE TG APCD OZCNE--SAMPLE DATA

PRCBLEM NUMBER 3

INDEPEND, VARIABLES
C'Rc;e . ACTG
1 03000
2 «03000
3 «03000
4 +050n40
5 05000
5 « 05000
7 « 0500n0
A 07000
9 37056
10 « 06001
11 «050N0
12 « 03000
13 « 03000
14 02000
15 «010N0
16 « 02000
17 « 12000
18 « 02000
19 «03000
20 «03000
21 «04000
22 « 05000
23 07000
24 « 06000
25 «06000
26 040006
27 03000
28 « 03000
29 . «020800
30 N2000
31 «0300n0
32 «N3N0DN
33 U000
a4 « NSOH00N
35 «04GG0
26 204000
37 04000
38 03009
39 «D3000
an 02000

1-TIME/100
CALC,

. 02949
02915
«02963
(04547
04513
05046
Y 06063
(06514
« 06480
05880

« 05279
%03710
+ 03676
«02025
01980
01946
" 01995
02445
. 02896
02378

03477
L 04U12
06440
06930
04877
« 03226
. 02708
«02107
. 01980
01945

eN2479
03012
04596
208562
. 04528
04494
03894
. 03860
03342
02175

PDEPENDENT VARIABLE 2-VAN nZ,

211

3=APCD 02,

RESTDUAL

00051
.00N85
00037
00453
00487
~-%0006
-.01N63
«NOLB6
00520
00120

-.002793
-300710
- 00676
-,00025
-+ 00980
00054
. 00005
-, 00445
200104
: 00622

+00523
00588
00520
-.N0930
01123
00778
.0N292
00893
.NN020
00054

L00521
~. 00612
-, 00596

00438
-, 00528
-2 00494

00106
-. 00860
-, 00342
-.00175

6-WIND SP,

NORM, DEV

.N9155
. 1519%
06534
. 80980
87025

-.08251

-1.90137
« 86950
« 927395
21534

- 49927
~1.2679%4
-, 04480
-1,75277
«0D9A59Y
200928
e 79637
18623
1.,11279

$93509
1505159
. 92995
-1,66/397
2,0079%9
138443
.52271
1.59637
L 03549
LN9554

9314y
-.02131
-1,06512

. 78359
-, Y22
-, 88378

. 18984
-1.53794
-V61139
- 31279
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STEPWISE MULTIPLE LINEAR REGRESSION

CGMPARE VAN GZONE TG APCD OZONE=-=SAMPLE DATA

PRORLEM NUMBER 3

INDEPEND. VARIABLES  1-TIME/100 ,  3-APCD 07,

ORS, ‘ ACT. CALC. RESINUAL
y1 61060 .N1657 -.00657
42 01000 01056 ~. 00056

212

DEPENDENT VARIABLE

2=-JyAN ©Z,
6-WIND SP,
NC‘RM- DEV

-1.17851
- 10085



STEPWISE MULTIPLE I INEAR REGRESSTON
COMPARE VAN GZGNE TG APCD 070NE=~SAMPLE DATA

PROBLEM NUMBER 3 DEPENDENT VARIABLE 2-VAN 07,

TNDEPENDY VARTABLES 1=TIME/100 » 3=ARPCD 07, 6~WIND SP,

HISTOGRAM OF RESTIDUALS (NCORMAL DEVIATES)

-2 4k
HE 3
HE
kKK
=1 Rk
HE
HE 33
1%
0 kkokokdkok Rorokok
KRk
ML
2 kKo
1 $kkoiokokk

& K

G e a0 es

v}

*

TEST FOR EXTREME RESIDUAL VALUES (DIXON CRITERIGN)

R22 (MIN) = 072 R22 (MAX) = 170
R(7) = -.011 R(25) = L011
R(15) = -.01D R(28) = . 009
R(24) = -.009 R(26) = %008

DG YOU WISH PLGTS (YRS GR NQ)PYES
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STEPWISE MULTIPLE LINEAR REGRESSI

CdMPARE VAN QZONE TC APCD OZONE-~~SAMPLE DATA

PROBLEM NUMBER 3

NT 20RO MaD

«008

«003

"1002

-0012

i
4

ON

DEPENDENT VARIABLE 2-VAN GZ.

INDEPEND, VARIABLES 1-TIME/100 »  3=-APCD 07, » 6-WIND SP,
OBSERVATIONS VS RESIDUALS
e ——————— o ————— o ———— R e +
H * :
: b 4 :
+ * +
H * k H
: * K% * Xk E S H
: * H
: * :
+ ' +
kx * * ok * * H
v 8K i e e e K e 00 o e 3 e K e e e e trmmmm——— :
H * *® : :
: * :
+ * +
: * :
: * :
s ¥k H
: * * :
+ * +
: ' * :
: * H
H * " :
S S W F e b e o ———— e +
000 10.000 20.000 30,000 40,000 50900
OBSERVATION
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STEPWISE MULTIPLE LINEAR REGRESSIGN
COMPARE VAN GZONE TG APCD OZ0NE==SAMELE DATA

PROBLEM NUMRER 3 DEPENDENT VARTIABLE 2-VAN 07,

INNDEPEND, VARIABLES 1=-TIMEZ100 3=APCD 07, . 6-WIND SP,

CALCULATED VS RESIDUJALS

Ot N7 0

001_5 troam i ——— e o —————— T g o e e =y e e +
: * H
K * :
008 + * +
¢ * * :
: * * * 3 :
H 2 :
: * H
003 + +
: 2 2% * * :
e —————— Fw=2 % —— e e e s :
) : * * :
A H * .
L -.002 + * +
) : . * :
H * H
H 2 H
H E H
H * * :
-.0G67 + * +
: * :
H * H
H * H
H * :
-« 012 +=-vmeeen o e B e T PP e Fm e F +
000 «015 o e030 « 345 « D60 «+075
CALCULATED
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STEPWISE MULTIPLE LINEAR REGRESSIGN

COMPARE VAN GZONE TO APCD CZONE-=SAMPLE DATA

PRGBLEM NUMBER 3

INDEPEND, VARIABLES  1-TIME/100 »  3-APCD 07, o

013

, 008
R

E  .003
S
I
D =

—»c

-, 007

“0012

6.

"VARTABLE 1 (TIME/100) VS RESIDIJALS

VARTABLE 1 (TIME/100)

216

o — e o —————— e trm——————— B ada Fom e - ——
:

: *

H

+ *

H * *

. * * E S 2

: * *

H *

+

* 3 * * %

i g ot 2 e e e i o b e e e e s o - g e e g it g g e e o K ot e e
: *

H *

+ *

2 : *

: *

: * *

2 *

: 2

+ *

H *

: *

.

: *

o —————— e o e e e o e o o e e + —f e —————
nan 2,000 12,000 15,000 18.00N0 21.

DEPENDENT VARIABLE 2-VA 0Z,

A-WIND SP,

se 29 sv & se 08 00 v 4 A+ 20 48 s se ae 4

4 o8 su oo ve we F 22 ve 40 4o ws 4 e sa



STEPWISE MULTIPLE LINEAR REGRESSION

CCMPARE VAN QZCNE TO APCD GZ0ONE=-SAMPLE DATA

PRGBILLEM NUMBER DEPENDENT VARIABLE 2=VAN QZ,
INDEPEND. VARIABLES 1-TIME/108 »  3-APCD 0Ze o 6-WIND SP,
VARIABLE 2 (VAN 0Z,) VS RESIDUALS

B B P ——————— o e ——— e +
: ” .
: * ]
008 + * +
: * * :
: * * * 3 e
: 2 :
R : * H
E «003 + +
S : :
I : .2 3 * * :
n e —m - TR - - J o —— R :
1) : * * :
A H * :
L -.002 % * ¥
S : * e
: * :
: 2 :
: * :
: x * s
- 007 + * +
H * :
: * :
: * :
: * :
=012 +wmmmmms ot e Frm——————— Fom e o ———— +

«OG0 «015 « 030 2045 «N60 «075

VARIABLE 2 (VAN 02.)
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STEPWISE MULTIPLE LINEAR REGRESSION

COMPARE VAN OZ2C0NE TO ARCD OZONE—-SAMPLE DATA

PRGBLEM. NUMBER

TNDEPEND, VARIABLES ~ 1~TIME/100 ,  3-APCD oz,

O= M3

—

nr ».

DEPENDENT VARTIABLE 2=VAN 02,

4

VARIABLE 3 (APCR 0Z,) VS RESIN'JALS

6-WIND SP,

e 13 4mmmmeeana tomm—————— Fm——————— - Fmm +
: * :
: * :
: * * 4
: 2 * 3 :
* H
: 2 2 2 * :
e ———— Ko o D 2==- o —————— tm———————— H
: * :
: * H
~.002 + * +
: * :
: 2 H
: * :
: * :
-.0N7 + * +
Cs . * :
: * :
: * :
~e012 +=—memman ) o ————— o ————— T +
000 «015 . 030 L 0us 060 .0

VARIABLE 3 (APCD 0Z))
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STEPWISE MULTIPLE LINEAR REGRESSION
COMPARE VAN CG7?GNE TG APCD OZCONE--SAMPLE DATA

PROBLEM NUMBER 3 DEPENDENT VARIABLE 2-VvAN 02Z,

INDEPEND, VARTABLES 1-TIME/100 » 3=APCD 07, 6=WIND SP,

VARIABLE 6 (WIND SP,) VS RESIDIALS

013 4= oo ————— e e — o ————— R +

: ¥ :

: * :

008 + * +

H * * H

: * 2 3

: : * * H
R - : * H
E «063 + +
S . : :
1 4 * * * .
D 2mm—m————— 2emmm e ——— Kt e fm——————— Fomm————— :
L} * * :
A : * :
L "QOOZ '|"'" * +
S : * :
: * :

: 2 :

: * :

: * * :

H * H

: *

* .

: *

=e012 4=—mmm—— A —— o ——— o ————— P —— +
2,000 3.00 4,000 5.000 6.000 7.000

" VARIABLE 6 (WIND SP3)

219



STEPWISE MULTIPLE LINEAR REGRESSTON

COMPARE VAN GZONE TG APCD OZONE-—SAMPLE DATA

PROBLEM NUMBER" 3

DEPENDENT VARIABLE 2-VAN 07,

INDEPEND, VARTABLES  1-TIMEZ100 »  3=APCD G7.

SzZMOzZMUTMO

M T 2m 0>

6~-WIND SP,

VARIABLE 1 (TIME/100) VS VARIABLE 2 (VAN 07.)

<075 t=—ma——m e ——— o ———————— fomm——— ¥ S, +
H E 4 2 :
: * % 2 x x% * .
045 4+ . +
: * 2 x * * H
.030 * % x ok ok * *x  x 2 x +
x 2 * * :
015 + N
* * :
eN01 +mem—m—e— Fmm—————— Fm—————— o Fo—- -———t
6,000 9.000, 12,000  15.000 18,000  21.000
4 VARIABLE 1 (TIME/Z100)
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STEPWISE MULTIPLE LINEAR REGRESSION
COMPARE VAN OZONE TG APCD 07ONE--SAMPLE DATA

PRCOBLEM NUMBER 3 . - . DEPENDENT VARIABLE 2-VAN 07,

INDEPEND, VARIABLES 1-TIME/100 3-ARPCD 07, 6~WIND SP,

CALCULATED VS VARIABLE 2 (VAN GZ.)

MO Dm0 <

DTS Ammmmm s Mt l e Fomm e — e
@® O &
D « 060 + +
E : :
P : :
E : :
N : :
n H H
E « 045 + +
N H H
T : :
«030 + * kDG k2% +
« 015 + +
000 e D s ————— R R +

CALCULATED
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STEPWISE MULTIPLE LINEAR REGRESSION

CGMPARE VAN CZONE TO APCD OZONE--SAMPLE DATA

PROBLEM NUMBER 3

DEPENDENT VARIABLE 2-VAN 0z,

INDEPEND, VARIABLES  1-TIME/100 o

3—APCD OZ;

6-WIND SP%

VARIABLE 3 (APCD 0Z.) VS VARIABLE 2 (VAN 075%)

222

i ;075 fﬂ—~~i*~—f+ ————————— o o e R aamantatny o ——— +
_3’ : 3 :
D .N60 + * * * +
£ : :
P : :
E : :
N : * 4 * * :
. D : :
B 045 + +
N : ) :
T : * 5 :

030 + 6 3 4 +
: * 5 * :
015 + +
: 2 * :
2000 Hmmm——m——= fm e ———— dmm—————— fom——m——— - —————— +
«000 «015 « 030 o 045 060 075
VARIABLE 3 (APCD Z3)



STEPWISE MULTIPLE L INEAR REGRESSION

COMPARE VAN GZONE TO APCD OZONE==SAMPLE DATA

PROBLEM NUMBER 3

INDEPEND, VARIABLES

HZMIJZmMmUMg

MW 0 >

DEPENDENT VARIABLE

1-TIME/100 3=APCD 07,

2-VAN 07,

6-WIND SP,

VARTABLE 6 (WIND SP.) VS VARIABLE 2 (VAN 07))

.07‘5 o ot e e e e o e e e e e e s e o e s et o e e ey e +
: 3
060 + 2 *
: 4 2 *
045 + +
: & 2 3 :
<030 2 5 4 2 +
» .
4 3 :
«015 + +
2 * H
T R S — bmmmmm s RS PO TR +
2.000 3,000 4,000 5,000 6.000 7.000

VARTABLE 6 (WIND SPy)
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ANOTHER PROBLEM USING THE SAME DATA (YES OR NO)?
INPUT NEW DATA FILENAME QR 'STGR!?S SIop

= GOOD—BYE. BE"SURE TC DELETE FILE *$SREG' BEFORE ILEAVING
THE SYSTEM. '

I
.
o
h
£y
m
@

T L
1342  12/26/73
: - CPU: MINS = 1,840
L TERMINAL MINS = 47.50
FILE MODULES - 37

TENET 210 TIME-SHARING SYSTEM 1342 12/26/73 39
~LOGIN
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Next, the dependent variable isg Plotted versus each independent
variable. The plot of calculated versus dependent should be a
straight line through the origin with a slope of 1.

At the end of the run, note the steps required to complete the
run and delete $REG.

A computer program facilitétes use of the regression equation to
fill in the missing data points. The best derived regression
equation is (from Step 2, Problem 2):

Van ozone = -2.56 10™> + .49 (APCD) + 5.42 x 10-3 (Wind Speed)

This can be incorporated into a Simple computer Program. A data-
file is created using the regression equation and then the data is
merged with the original data set to obtain the complete data set.

The simple program written for the above regression equation is:

100 OPEN 'STEP1', 1,INPUT,OLD

110 OPEN 'STEP3',2

120 ON ENDFILE(1l) GOTO 170

130 INPUT FROM 1:TME,APCD,IINV,SKY,U

140 0z=2.56E-3+ .49 (APCD)+5.42E-3* (U)

150 PRINT ON 2 IN FORM "2% 2 (2%.2%) 3% 4% 33": TME,Q%,APCD,SKY , IINV, U
160 GOTO 10

170 END

Once this program has been run and the data checked, the easiest
thing to do is to go to the executive mode (~ ) and append STEP3
to STEP as follows:
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" —APPEND STEP3 TO STEP

This'will place the data from STEP3 at the end of STEP in the STEP
datafile. Then STEP3 can be deleted.

A SIMPLE COMPUTER PROGRAM

The user may wish to create a small data flle from a laxrge data-
flle. A simple computer program may be created by the user for
this" purpose., For example, suppose that it is desired to use
just’ two of the variables in the STEP datafile. The following
is aﬁlisting of an example computer program which could be used.

Thisfprogram is not a "canned" program.

100 OPEN 'STEPR',1,INPUT,OLD

110 OPEN 'STEP9',2

120 ON ENDFILE(1) GOTO 170

130 INPUT FROM 1:X1,X2,X3,X4,X5,X6

140 TF Xl=-1 OR X2=-1 OR X3=-1 OR X4=-1 OR X5=-1 OR X6==1 GOTO 130
150 PRINT ON 2:X2,X3

160 GOTO 130

170 ‘END

Thié‘program will only consider the data which is not -1. It will
generate a new datafile (STEP9) which contains only variables
number 2 and 3.

Anoﬁher simple program is shown next. This program reads a data-
filé} STEP, and creates a new datafile, STEPl, which has the log
of Ehe field data in place of the actual concentration. This
process 1s repégted with STEP1 the "old" datafile and STEP2 the
new"datafile.'_fhe.log transformation was performed on the APCD
ozone values in this step. STEP2 is now converted to a log-log
form.
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>SAVE OLD 'LOG%TRAN?
>LIST

PRINT "WHICH DATAFILE DO YOU WISH TO CONVERT TO LOG POLLUTANT VALUES?'":

100
110
120
130
140
150
160
170

180

190

200
210
220
230
2u0
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
Lon
b1g
k2o
430
LiQ
4sn

460

INPUT FIL%
PRINT

PRINT "WHAT DO YOU WISH TO CALL THE NEW DATA FILE":

INPUT FL%
PRINT

PRINT "HOW MANY COLUMNS IN THE FIRST DATAFILE"™:

INPUT N1
PRINT

PRINT "WHICH COLUMN CONTAINS THE POLLUTANT DATA (INPUT A NUMBER
FROM 1 TO wiNpew)yme \

INFUT N2
IF N2<(N1+1) THEN 260
PRINT

PRINT *"COL!MN NUMBER OF THE POLLUTANT DATA MUST

PRINT
GOTO 190
PRINT
OPEN FILS#1sINPUT»OLD
OPEN FL$s2
ON ENDFILE (1) GOTO 470
N3=0
FOR I=1 TO N1

INPUT FROM 18X (1)

NEXT I
IF X(N2)=0 THEN N3=N3+1
IF X({N2)=0 THEN 310
FOR I=1 TO (N2=1)

PRINT ON 2:X(I)3
NEXT I ‘

PRINT ON 2:LOG10(X{N2)) 3
FOR I=(N2+1) TO N1
PRINT ON 2¥X(I)s
NEXT I
PRINT ON 23%n
GOTO 310

IF N3#0 THEN 460 EL.SE 470
PRINT M3:" LINES OF DATA WERE OMITTED FROM

BY ZERO"
PRINT "DO YOU) WISH TO CONVERT ANOTHER FILE? (ENTER YES OR NQ)™:

470
480
490

“50n

510
220
530
>

INPUT ANS%

PRINT

CLOSE 1

CLOSE 2

IF ANS$=*YES' THEN 100
END
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RUIN

SEITEGEETY B

WITCH DATAFILE DO YOU WISH TO CONVERT TO LOG POLLITANT VALUESPP4521 STARISTEP
WHAT DO YOU WISH TO CALL THE NEW DATA FILEPSTEP1

HOW MANY COLUMNS IN THE FIRST DATAFILE?6

WHICH COLUMN CONTAINS THE POLLUTANT DATA (INPUT ‘A NUMBER FROM 1 TO 61?2
DO YOU ﬁTSH TO CONVERT ANofHER FILE? (ENTER YES OR NO)?YES

WHICH DATAFILE DO YOU WISH TO CONVERT TO LOG POLLYUTANT VALUESPPSTER1
WHAT DQiYOU WISH TO CALL THE NEW DATA FILEPSIEP2

HowW MANf-COLUMNS IN THE FIRST DATAFILE?E

WHICH COLUMN CONTAINS THE POLLUTANT DATA (INPUT A NUMRER FROM 1 TO 6123

PO YOU WISH TO CONVERT ANOTHER FILE? (ENTER YES OR NOYZNO

SQUIT
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CNHPY STEP1 TO TEL

01
02
03
o4
05
06
o7
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
b3
42

6

7

8

9

10
11
12
13
14
15
i6
17
18
19
6

7

8

9

10
11
12
13
14
i5
16
17
18
19
6

7

8

9

10
11
12
13
14
15
16
17
18
19

-1.52288
-1.52288
"1-52288
-1.30103
“1030103
-1.3N103
-1.,301n3
-1.1549
-1.1549
-1.22185
-1.30103
-1.,52288
-1.52288
-1.69897
-2 02E‘1
-1,69897
-1.69897
=-1.69897
“1.5228ﬂ
—105228R
-1.,39794
-1.1549
-1.22185
-1.22185
-1039794
=-1,.5228»8
-1.52288
-1,69897
~-1.69897
=1.52288
~1.52288
~1.39794
-1.30103

- =1.39794

=1.39704
-1,39794
-1.52288
-1.52288
-1,.69897

-2 olE“l
-2 olE“l

NN NN R
oNN

&}

20
17

N NN

GOl N W N =

EEEFE

NONEEFEOM

2

‘ WL
HNFEFO A AN MEFARP

=l

LU NOe O
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COPY STEP2 TO TEL

01
02
03:
oL
05
06;
o7
na.
ng:
19

1t

12:
137
14
15:
16]'3
17"
18
19
20
21 -
22+
23 ..
24
25
26
27 ¢
28 -
29"
30 ;
31+
327
331
34 ;
35 .1
13
37
38 1
Lo :
41 i

36

42

6

10

15

~-1,52288 ~1,39794
~1,52284 ~1,39794
-1,.5228#8 ~-1,52288
-1,30103 -1.39794
-1.,30103 ~1.,3979Y4
© =1,30103 ~-1,39794
=1,30103 =1,30103
~1.1549 -1,22185
-1.1549 -1.22185
-1.27185 -1,22185
~1.30103 —-1.22185
-1,52288 -1.39794
~-1.52288 -1.39794
-1.69897 -1,52288
-2 -1.69897 0
~1,69897 © =1,69897
~1,69897 -2 1
~1.,69897 ~1,69897
-1.52288  -1,52288
-1.52288 -1.69807
"1¢39794 -1.69897
-1,30103 -1,39794
-1.15u49 -1.22185
-1,22185 ~1,1549
-1.22185 ~1.39794
-1,39794  =1,52288
-1.5228 ~-1,69897
-1.52281 -1.69897
-1,69827 -1,69897
-1,69897 -1.69897
-1.,52280 -1,69897
-1.52288 -1.69897
=1.39794 -1,52288
-1¢301n3 P1052288
-1,.,39794 -1,52288
-1,39794 -1.52288
-1,39794 -1,52288
-1.52280 -1.52288
-1.52288 -1,69897
-1 ,69897 ~1.,69897
-2 -2 2 20
-2 -2 1 17

MNP
(S IV

PN

[\ EAVEETRLVES

0
1
1
1
1
2
3

Ol
[ R RE N

FEEF

NN EEEFEAOW

25

28

25

C O RS Ne Re iR e e
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STATISTIC SUMMARY PROGRAMS
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S E

Wads

ve Statistics "MATHISTO"

Descripti

'Ehis is a descriptive statistics summary program that will compute
4y, O, ranges, coefficient of variation, etc. and histograms for

a specified class width interval. From this histogram, a cumulative
frequency diagram can be made indicating the % of time a certain
concentration or health standard was exceeded.

ft‘is recommended that.these cumulative frequency plots be made
for monthly or seasonal bases. These cumulative frequency diagrams
should be made for all pollutants CO, HC, NOx and Ozone. A trend
analysis based on the pollutant burden concept (tons/day) can be
used to indicate whether thesze values will increase or decrease

in future years.

élso, from the*histogram a visual check can be made to check if
the data follows a normal or lognormal curve depending on the
analysis. The computer name for the Program which produces a
histogram of the data is 'S; LAB; MATHISTO',




-HASl

>LIN ")ILAH MA Y
DATA _FILENAMI:. OR
JOB TITLE = NCG,.
LOUG TRANSFORM?

N
'EXP' FOR PRUGRAM
ROWS =NO. COLUMNS?T
INPUT 1 FOR YES &

INFORMATION:’M

ST FRIEDMAN DATAr 86310

FOR NO 22
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SAMBLE STAIISTICS

TEST FRIEDMAN DATA PROBE 1

OHSERVATIONST 3.600E+01

MINIMUM
VARTANCE

COEFFa VAR,

6 CELILLS = CELL INTERVAL = &

4.000E+00
HH60bDE+DL

HeTSTE+D]

MIDPOINT  NO. OBS.

bQ@Uﬂ

” '1.ébUE+n1
:1;§095+01
2.400E+01
o;QHUE¥hl

3.600E+01

H

11

MEAN =
RANGE =
SKEWNESS=
AVG.DEV.Z

% TOfAL
21.622
3l.081
25.676
9, u4b89

5405

4.0b4

1.581E+01
3.000E+01
6.620E=~01

5.895E+00

TOT.CUM,
21,622
52.703
78,378
87.838
93.2u3

97.297

234

STDDEV.S  7.,4850:

MAXIMUM =  3,400F+n

KURTUSIS=E 3,003E: .

RMS DEVe= 7.382E¢

Z2=SCORE (RMS)
«1.328

=516

.
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SAMPLE STATISTICS

TEST FRIEDMAN DATA  PROBE 2

ﬁBSERVATIONS= S« 600E+01 MEAN S 1.178BE+01 STDDEVe= 4,934FE+00
MINIMUM = B5,000E+00 RANGE = 2,000E+01 MAXIMUM = 2.500E+01
N VARTANCE T 2.43HE+01 ‘ SKEWNESS=S 8.,326F-~01 KURTOSISE  3.545E+00
. COEFFes VARe = U4,190F+01 AVG.DEVe= 3.77BE+00 RMS DEVe.= 4-865$+00
'
INTERRUPT DURING LINE 1680
>RUN

DATA FILENAME 0OR YEXP' FOR PROGRAM INFORMATIONZ%F
JOB TITLF = NO. ROWS ~NO. COLUMNS?TEST ERIEDMAN DATA==L0G TRANSFORM» 36r10
LOG TRANSFORMP? INPUT 1 FOR YES 2 FOR NO 21

237



Theréﬂis a tremendous effort in terms of manpower and costs
involved in designing and collecting air quality data. Aall
of this information should be summarized in air guality reports.
. The fbllowing output is recommended for all air gquality reports.

A

SITES

' NONPARAMETRIC SUNMARY PROGRAM

HOUR ©~ 1 . 2 3 4 5 ¢
A A A A A a

0600 B B B B B B
C_C ¢ ¢ ¢ ¢
A4 A A A A A

0700 B B B B B B
c. . c_¢c ¢ ¢ ¢

A A A A A a

0800+ B B B B B B
¢C_ ¢ ¢ ¢ ¢ ¢

A A A A A A

0960 B .B B B B B
cC_ ¢ ¢ ¢ ¢ ¢

I

-fﬁ"ﬁ median (not average).

This %ype of summary table should be included in all air gquality

h repor#s for each'month of sampling,

You should explain why the minimum and maximum value occurred
either through traffic or meteorology.

T 238

minimum or lower confidence limits (e = .05).

maximum or upper confidence limit (o€ = .05).



it is recommended that all districts use tﬁis gummary with
minimum and maximum value. However, for aixr guality gtudies in
large metropolitian areas it may be desirable to use the 95%
confidence limits rathexr than maximum and maximum values. This
format should be used for CO, CH, NO,s and Ozone.

For those districts not using DIFKIN, & trend analysis based on
the pollutant purden concept can be used to indicate whether

these values will increase or decrease in future yearsS.

Example:
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MMAR v _ , :
S PTEMBER, 1974 wyqonesy

'53LSTAT{
ETITT

DATA FILENAME OR 'EXPf FOR PROGRAM DETAILS?%FRIED

NUMBER of APCDYS, ‘NUMBER OF SITES®2,g
NUMBER OF Daygpg -
NUMBER "ofF READINGS /DAYy AT EACH SITE®

EARLIEST READING (MILITARY TIMEY?0700

SITE 1p, MINUTES AFTER Hour READ ¢» CHAR EACH)

- APCD 1203 200

. APCD ?P02e00. .
T 8ITE 1281,00. °
L SITE 2PQ2.00 -
Y SITE 3703, 95

SITE 4?00,08

SITE 52

SITE 6206, 00

SITE 7207,00
$175 5?oapo0.

INPUT 6 [ INE FOR HEADING (0=BLANK | INE)
SLINE 129 L
?LINE Q?QAMPLE RN OF;Tﬁg

e

LINE 37) s |
CINE 42NON-PARAME TRTC SUNMMARY PROGRAM
‘LINE 527 -

LINE 62 - '. B

C LRI
ﬁ=MIN-8 MAX, 1=LIMITS - WHICH?l.
SIGNIFICANCE LEVEL?, pns

Tead
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SAMPLE RUN OF THE

NON=PARAMETRIC SUMMARY PROGRAM

HOUR APCD APCD SITE SITE SITE SITE SITE
01 02 01 0?2 03 04 ns
H+00 H+00 H+00 H+00 H#NE  H+05 H+NN
p700 '
N 6 6 6 ) 6 6 A
UL 21.0 18,0 10,0 14,0 21,0 14,0 14,0
MED 10.5 R.0 3.5 6.5 6,0 8.0 10,5
LL 5,0 540 3.0 4,0 4,0 3,0 640
osan \
N 6 & 6 6 6 6 )
UL 33,0 25,0 14,0 22,0 25.0 Ns0 160
MED 18,5 13.0 5,0 1n,5 9,0 10,08 14,0
L 4,0 540 2,0 5,0 5.0 4,0 540
ponn
N 6 6 6 6 6 6 6
UL 23.0 20,0 14,0 17,0 22,0 17,0 19,0
MED 13.0 12.0 7.0 R.0 9,0 75 9,5
Lt 6.0 540 2.0 5.0 5l 3,0 5.0
1000
N 6 6 6 6 6 6 6
uL IN.N 13,0 15,0 22.0 28,0 17,0 24.0
MED 16.5 10.0 6.5 11,0 10,0 9,0 12.5
LL 7.0 640 2.0 4,0 5.0 4.0 A.0
1100
. N & 6 6 & 6 6 6
UL 3,0 16,0 24,0 29,0 27,0 30,0 30,0
MED 19.0 13,5 10.5 11,5 14,0 14,0 16.0
LL 13.0 R.N 3.0 4,0 6aN 5,0 a,n
1200
N 6 A 6 A & 6 )
UL 27.0 24,0 22,0 25,0 2R,0 22,0 27.0
MED 14,0 1n,0 9,0 10.m 10.5 9,5 11.0
LL 7.0 8,0 3.0 oN 5,0 b0 64N

1300
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COMPUTER PROGRAM
FOR LARSEN’S MODEL
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The following pages cohtain éxample computer runs of Larsen's
Mathematical Model for relating air quality measurements to air
quality standards. The model can be used for calculating the-
following pollutant parameters, for any averaging time: geometric
mean, standard geometric deviatlon, maxlimum concentration expected
once a year, and frequency distribution of expected pollutant
concentrations., Future year concentrations are projJected by
proportional modeling as described earlier in this manual.

Access to the Tenet version is gained by the baslc command:
LINK “5;LAB;LARSEN"

A complete explanation of the operating procedures for this
program can be attalned by- answering "yes" when the program
asks if the user would like a program explanation.

The present version of the Larsen Model will accept input data
in three forms:

1. A pollutant data file.
2o Previously generated pollutant statistics.
3. A pollutant frequency distribution.

The first example demonstrates the form of Input and output for

a pollutant data fille. The file used in this example is named
"CODATA", The file 1s shown on the following page. The actual
computer run follows on page 245, The output format is designed
50 that the user can use the output as generated in an air quality
report, if desired.

A plot of the observed CO distributilon is shown on page 248. The
Larsen graphical solution 1s shown on the same plot so that a
comparison can be made. Blank forms are provided on pages 261
and 262 for sample plots.
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pak % : . | T URs04sTS

53LAB}LARSEN=~FOR DATA STATISTICS AND/OR LARSEN'S MODEL
LATEST REVISION =~ 1/31/75

QUESTIONS? CALL PAUL ALLEN 8-~432~4877
PROGRAM EXPLANATION (YES OR NO} PNQ

JOB TITLE = PCO DATA FILE TEST RUN
ARE YOU INPUTTING A DATA FILE (YES OR NO) PYES

FILE NAME = PCODATA

NUMBER OF ROWS IN YOUR FILE =754

< ' NUMBER OF COLUMNS IN YOUR FILE =%
HOW MANY COLUMNS TO BE INCLUDED IN THIS RUN P10

} ‘ INTERVAL FOR DATA SEARCH (CELL INTERVAL) = 2?31

DO YOU WISH DATA LISTING (YES OR NO) PYES

24y




DATA

1

2

vzzoursT5

CO DATA FILE TEST RUN

3

4

5

o}

>

8

9

io

0 5 23 20 3 45 3 3K 3k 3 3K e 2 02 R S 208 8 o R 4 o 3ok 6 ok Sk st 3ok sk S ok s ok o sk ke S s ke e o sk e ke ok ok ke

-
P
Amnm
[T
b=
H
For

. e
o Y-
1 Qe

1i=-
12-‘

13-~

14—

1bw=-—

16=~
17=-
18-~
19=-
20—
z21--
L=
PRE
2ty
25—~
26=—
27~
28=~
2Ym—
50=—
31~
Bz~-
33=—
Bl

6,00
5600
4,00
q.rJU
4,00
40
4,00

-3 00

Se 00
d.0U
3400
3,00
Be0U
20U
Z. LU
2sUl
2,00
2.0
2. LU
2.l
2.00
2.00
2.00
2.00
2.00
200
2.00
2200
1.00
.00
1.00
1.00
1.00
1.00

H.04
HelU
4,00
La00
4,00
4,00
4,00
3e LU
2,00
3400
30U
D Ub
3,00
2 Ul
2.0

2«LU-

2eE}
2. 00
2. 00
2.00
2.00
2.00
2.00
200
2«00U
2«00
200
2.0
l.0UL
l.G0U
l.00
1.00
1,00
=le0OU

b U0
b U
4 .00
Ga,0b
L.00
4,00
LU
SeslU
J.00
S.00
Hel
3200
- 3l.00U
200
Za200
2,00
2.00
2eUD
2s.U0
2.0L0
zslU
2.U0
“e U0
2+00
2.+ U
2o L1y
zs DU
2.1
1,00
1.00
1.060
1.00
100
=-1.00

5.00
Ha0U
LU
40U
G4eUU
4,00
De0U
5,00
3400
.00
3,00
S« 00
B0
2.00
20U
2.00
z2.00
.00
200
200
2.0
2.0U
2.00

EJUU'

2.00
2.00
2,010
2.00
1.00
1.00
l.00
1.60
l1.00
=1.00

5.00
5400
44,00
4,00
4400
4.00
300
3400
3,00
3.00
3,00

3400

A, 00
2.00
2.00
2.00

2400

2.0U0
2.00
2.00
2,00
24,00
2400
z.00
2.00
2.00
2«00
2.00
1.00
1.00
1.00
1.00
l.00
=1.00
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5.00
5400
4400
4,00
4400
4,00
.00
S5.00
3400
3,00
.00
35.00
3.00
2.00
2.00
2.00
2.00
2.00
2.00
2,00
2.00
2.00
2.00
2.00
2,00
2:00
200
2,00
1.00
1,00
1,00
1.00
1.00
~1.,00

500
B¢ 00
4,00
4,00
4,00
4,00
3600
3,00
3400
3.00
H.0U
3400
3,00
2.00
2.00
2,00
#2,00
2.00
2,00

2.00"

2,00
2+00
2.00
260
2.00
2,00
2.00
1.00
1.00
1.00
1.060
1.00
1.00

$.00

5.060
4.00
4400
k.00

4400

3.00
3400
3.00
3400
3.00
3,00
3.00
2,00
2.00
2400
2.00
2400
2400
2,00
2400
2.00
2.00
2,00
2.00
2400
2400
1.00
1.00
1.00
1.00
1.00
1.00

-1.00 =~1.,00

5«00
4,00
4.00
4,00
4.00
4,00
3400
3.00
200
Je00
3.00
3.00
2400
2.00
2.00
2.00
2,00
2.00
2,00
200
2.00
2.00
2,00
2.00
2,00
2.00
2.00
1.00
1,00
1,00
1.00
1.00
1.00
=-1.00

5.00
4.00
4.00
4,00
4,00
4,00
300
.00
3.00
3400
3400
J.00
2,00
2.00
2,00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2,00
2.00
2400
2.00
2.00
1.00
1.00
1.00
1.00
1.00
1.00
-1.00



| - uazuuz?b o
: CO DATA FILE TEST RUN

ARITHMETIC MEAN £ g;uvu

STANDARD ARITHMETIC DEVIATION =  1.113
RANGE rs 1,00 TO b.op

- MEDIAN 2 UU
SAMPLE SIZE 231 -

| FRE@UENCY DISTRIBUTION
FREQUENCY OF  CUMULATIVE LARSEN'S

OCCURRENCE FREQUENCY FREQUENCY
(%) : % ZORC % =0R>
1eU0== ' 16,616 . 16.616 . 91.722
2ell== L s ) o 610329 P © 61,057
P T S 19,657 80,967 28,882
4400==" . ‘15595 Sh.Ho6e 12.266.
HeUU== . Qabdz N 94, L9 : 3202
O U= 29U - IUD.DUU o : U8

- FROM MAXIMUM OBSERVED VALUE AND ARITHMETIC MEAN' (*) '

STANDARD GEOMETRIC DEVIATION = 1,446
GEQMETRIC MEAN 3¢ 2,312 N

FROM ALL OBSERVED DATA"

STANDARD GEOMETRIC. DEVIATION 1.536
GEOMETRIC MEAN = 2,257 '

(*) REFERENCE AP=8¢
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NUMBER OF.
OCCURRENCES

5540
148.0
65.0
45.0
15.0
30



USE LARSEN;S FREQUENCY FOR PLOTTING ON LOG~PROBABILITY PAPER.

DO YOU WANT A LARSEN'S MODEL ANALYSIS
ON YOUR DATAFILE AT THIS TIME(YES OR NO}?YES

DO YOU WANT A FREQUENCY LISTED FOR EACH VALUE IN THE
LARSEN DISTRIBUTION (YES OR NO) RYES

DO YOU WANT AN ANALYSIS FOR 1-HR AVE. TIME FYES

INPUT STANDARD FOR 1-HR AVE. TIME (SAME UNITS AS DATA)?235
WHAT UNITS ARE YOUR DATA IN{PPM OR PPHM)?PPM

HOW MANY OTHER AVERAGING TIMES DO YOU WANT ANALYZED 21,
INPUT THE AVERAGING TIMES (HOURS) 28

INPUT THE RESPECTIVE STANDARDS (SAME UNITS AS DATA)29

WHAT SAMPLE SIZE FOR 1=HR AVE. TIME DO YQU WANT
YOUR SAMPLE EXPANDED T0O (HOURS) 28760
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uz/04/75

€O DATA FILE TEST RUN

STATISTICAL PARAMETERS FROM 1=HOUR AVERAGING TIME DATA
ARITHMETIC MEAN = Z.474
STANDARD DEVIATION = 1,113
FROM MAXIMUM OBSERVED VALUE AND ARITHMETIC MEANS
STANDARD GEOMETRIC DEVIATION = 1.446
GEOMETRIC MEAN = 24312

EXPECTED MAXIMUM 1-HOUR CONCENTRATION
£ROM SAMPLING PARAMETERS = 9.45 PPM

NUMBER OF TIMES AMBIENT AIR QUALITY
STANDARD OF 35.00 PPM  TO BE EXCEEDRED = 0 PER YEAR

PREDICTED LARSENS FREQUENCIES FOR 1=-HOUR CONCENTRATIONS

CONCENTRATION LARSENS FREQUENCY
PPM % =OR>
1.00 0B, 8521
2.0LU 65,2925
3400 23,9778
&,0U 6.6421
He UL 1.8167
b4 L0 ' 4828
TeUD . «1323
b.00 « 0378
.00 «0113

SAMPLE SIZE = w76l

ALL CALCULATIONS REFERENCE AP-89
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CO DATA FILE TEST RUN

E"STATISTICM. PARAMETERS FROM 8=HOUR AVERAGING TIME DATA
GEOMETRIC MEAN = 232h
STANDARD GEOMETRIC DEVIATION = 1,382

EXPECTED MAXIMUM 8=~HOUR CONCENTRATION
. FROM SAMPLING PARAMETERS = 6.76 PPM

' NUMBER OF TIMES AMBIENT AIR QUALITY
STANDARD OF 9,00 PPM T0 BE EXCEEDED = g PER YEAR

PREDICTED LARSENS FREQUENCIES FOR 8=-HOUR CONCENTRATIONS

CONCENTRATION ' LARSENS FREQUENCY

PREM % ZOR>

l.00 99,5443
2.00 679239
3.00 21.5490
e i) 4.6811
5. 00 + 8985
6L’ o + 1697

700 0330
SAMPLE SIZE = 10ub

ALL CALCULATIONS REFERENGE AP-89
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The next run uses the statistics generated from the data fille
to demonstrate the form of input for an analysis on statistics
generated previous to the run., Generally, this will not be

needed silnce it 1s antlcipated that pollutant monitoring data
will usually be used. In any case the distrlbution should be
plotted on log~probability paper to check the applicabllity of’
the Larsen approach.
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.. NO.

D2sULsTS

SFLAB;LARSEN--FOR DATA STATISTICS AND/OR LARSEN'S MODEL
LATES? REVISION = 1/31/7%

QUESTIONS? CALL PAUL ALLEN &=432-u4877
PROGRAM EXPLANATION (YES OR NO) PNO

JOB TiTLE = PCO DATA TEST USING FRQUENCY DISTRIBUTION INPUT

ARE YOU INPUTTING A DATA FILE (YES OR NO) PNO
DO YOU HAVE DISTRIBUTION STATS(1) OR A FREQ DIST.(2)22

INPUT THE MUMBER OF INTERVALS IN THE DISTRIBUTION?S
ENTER - THE CONCENTRATION AND ITS FREQUENCY (LO TO HI)
(ENTER FREQUENCIES IN PERCENTAGES}! I.E. TYPE 35 FOR
35% =-SUM OF ALL FREQS SHOULD APPROXIMATE 100.)

FOR INTElrilb6e.616
'A‘m

1.

FOR INTERVAL NO, 2P2)44,.713

" FOR INTERVAL NO. 3230 19,637
B m

FOR INTERVAL NO. 4PLy 15 HYD
FOR INTERVAL NO..  b¥bska.bdz

FOR INTERVAL NO. 6261906

|

INPUT THE SAMPLE SIZE FOR THE DISTRIBUTIONP331
INTERVAL FOR DATA SEARCH (CELL INTERVAL) = PL
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027047775

CO DATA TEST USING FRAQUENCY DISTRIBUTION INPUT

ARITHMETIC MEAN = Z.474

STANDARD ARITHMETIC DEVIATION = 1.113
RANGE 1S l.00 TO 0D

MEDIAN = 20U

SAMPLE STZE = 331

‘ FREQUENCY DISTRIBUTION
FREQUENCY OF CUMULATIVE LARSEN'S NUMBER OF
OCCURRENCE FREGUENCY FREQUENCY OCCURRENCES
(™) ®» S0R< % =OR>
1.00=~ 16,616 16.016 91,722 !’:5.0
2eU0=m hie713 ' 61,329 61.057 148.0
De == 19,657 80.966 28.882 65.0
4o 00— 15.595 S4.561 12.266 ' 45.0
5. 00=~ YaboZ 99,003 3,202 15.0
6e 0=~ « SUb 04,999 . ) 3.0

FROM MAXIMUM OBSERVED VALUE AND ARITHMETIC MEANS (%)

STANDARD GEOMETRIC DEVIATION = 1,446
GEOMETRIC MEAN = 2,012

FROM Al L OBSERVED DATA:

STANDARD GEOMETRIC DEVIATION
GEOMETRIC MEAN = 2,257

1.b36

{*) REFERENCE AP=-89%
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USE LARSEN'S FREQUENCY FOR PLOTTING ON LOG-PROBABILITY PAPER.

DO YOU WANT A LARSEN'S MODEL ANALYSIS
ON YOUR DATAFILE AT THIS TIME(YES OR NO)PYES

DO YOU WANT A FREQUENCY LISTED FOR EACH VALUE IN THE
LARSEN DISTRIBUTION (YES OR NO) 3NQ
DO YOU WANT AN ANALYSIS FOR 1~HR AVE. TIME PYES

INPUTisTANDARD FOR 1=HR AVE. TIME (SAME UNITS AS DATA) 235

HOW MANY OTHER AVERAGING TIMES DO YOU WANT ANALYZED 21
INPUT ‘THE AVERAGING TIMES (HOURS) 2k,

INPUT ‘THE RESPECTIVE STANDARDS(SAME UNITS AS DATA)29
WHAT SAMPLE SIZE FOR 1=HR AVE, TIME DO YOU WANT

YOUR SAMPLE EXPANDED TO (HOURS) 8760
WHAT UNITS ARE YOUR DATA IN{(PPM OR PPHM)?PPM
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02/0#/75
CO DATA TEST USING FRGUENCY DISTRIBUTION INPUT

STATISTICAL PARAMETERS FROM 1-HOUR AVERAGING TIME DATA

ARITHMETIC MEAN = 2,474
STANDARD DEVIATION = 1.113

FROM MAXIMUM OBSERVED VALUE AND ARITHMETIC MEAN:

STANDARD GEOMETRIC DEVIATION = 1.446
GEOMETRIC MEAN = 2.312

EXPECTED MAXIMUM 1-HOUR CONCENTRATION
FROM SAMPLING PARAMETERS = 09.43 PPM

NUMBER OF TIMES AMBIENT AIR QUALITY
STANDARD OF »b.00 PPM TO BE EXCEEDED = 0 PER YEAR

SAMPLE S1ZE = 8760
ALL. CALCULATIONS REFERENCE AP-8Y
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Q204275

€O DATA TEST USING FRQUENCY DISTRIBUTION INPUT

"STATISTICAL PARAMETERS FROM 8=HOUR AVERAGING TIME DATA
' GEOMETRIC MEAN = 2.325

STANDARD GEOMETRIC DEVIATION = 1.3K2

EXPECTED MAXIMUM 6~HOUR CONCENTRATION
' FROM SAMPLING PARAMETERS = 6.76 PPM

*NUMBER OF TIMES AMBIENT AIR QUALITY
STANDARD OF 9.00 PPM TO BE EXCEEDED = 0 PER YEAR

SAMPLE SIZE = 1095

EALL CALCULATIONS REFERENCE AP=8Y
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The final run also uses the statistics generated from the first
run. The frequency distribution is input. This method lends
itself to a Larsen analysls on a frequency distributilon generated
according to Part VII of this manual.
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V704,715

bILABiLARSEN-—FOR'DATA STATISTICS AND/OR LARSEN'S MODEL
LATEST REVISION = 1/31/75

QUESTIONS? CALL PAUL ALLEN 8=432-4877
PROGRAM EXPLANATION (YES OR NO) 2NO

JOB TITLE = 3CO _STAT TEST RUN

ARE YOU INPUTTING A DATA FILE (YES OR NO) 2NQ

DO YOU HAVE DISTRIBUTION STATS(1) OR A FREQ DIST.(2)21
INPUT ‘MAXIMUM OBSERVED CONCENTRATIONP®

INPUT NUMBER OF OCCURRENCES OF THIS MAXe B3

“INPUT?THE SAMPLE SIZE?331

INPUT?THE ARITHMETIC MEANPZo474

INTERVAL FOR DATA SEARCH (CELL INTERVAL) = 21

DO YOU WANT A FREQUENCY LISTED FOR EACH VALUE TN THE
LARSEN DISTRIBUTION (YES OR NO) PYES

DO YOU WANT AN ANALYSIS FOR 1=HR AVE. TIME PYES

INPUT%STANDARD FOR 1-HR AVE. TIME (SAME UNITS AS DATA) 235

HOW MANY OTHER AVERAGING TIMES DO YOU WANT ANALYZED 21
INPUT THE AVERAGING TIMES (HOURS) ?8_

INPUT THE RESPECTIVE STANDARDS(SAME UNITS AS DATA) 9.
WHAT SAMPLE SIZE FOR 1<HR AVE. TIME DO YOU WANT

YOUR SAMPLE EXPANDED TO (HOURS) 2
WHAT UNITS ARE YOUR DATA IN(PPM OR PPHM)Z?PPM
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vasoursrh
CO STAT TEST RUN
STATISTICAL PARAMETERS FROM 1-~HOUR AVERAGING TIME DATA
ARITHMETIC MEAN = 2,474
STANDARD DEVIATION = =L
FROM MAXIMUM OBSERVED VALUE AND ARITHMETIC MEAN:

STANDARD GEOMETRIC DEVIATION = 1.446
GEOMETRIC MEAN = 2,312

EXPECTED MAXIMUM 1=HOUR CONCENTRATION
FROM SAMPLING PARAMETERS = 9,43 PPM

NUMBER OF TIMES AMBIENT AIR QUALITY
STANDARD OF 35.00 PPM TO BE EXCEEDED = 0 PER YEAR

PREDICTED LARSENS FREQUENCIES FOR 1=HOUR CONCENTRATIONS

CONCENTRATION LARSENS FREQUENCY
PPM % =OR>
l1eLO . S8 8497
2osbb) 65,2751
3400 23,9686
4 ,U0 68398
H5.00 1.8164
Ha LD + 48285
7T«0U 21323
HaG0 +0378
Yo UL ' «U113

SAMPLE SIZE = k760
ALL CALCULATIONS REFERENCE AP=§Y
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CO STAT TEST RUN

éTATISTICAL PARAMETERS FROM #&-HOUR AVERAGING TIME DATA
GEOMETRIC MEAN = 2.32b

STANDARD GEOMETRIC DEVIATION = 1,382

EXPECTED MAXIMUM  H=HOUR CONCENTRATION
FROM SAMPLING PARAMETERS = 6.76 PPM

NUMBER OF TIMES AMBIENT AIR QUALITY
STANDARD OF 9,00 PPM TO BE EXCEEDED = 0 PER YEAR

PREDICTED LARSENS FREQUENCIES FOR 8-HOUR CONCENTRATIONS

CONCENTRATION LARSENS FREQUENCY
BRM % =OR>
l1.00 99,5431
2.00 679049
J.00 21.5393
440U L6792
Ha U0 «BU83
He LU * 1697
7LD « 0330

SAMPLE SIZE = 1u95 .

‘ALL CALCULATIONS:REFEREKCE AP~89
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HOMEWORK ASS IGNMENTS
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The folloﬁing frequency table summarized a sample of 286 hourly
CO measurements at a site of a specified gtudy area over a period
of one season:

CO (ppm), Xi = l 2 3 4 5 6 7 8 9 10 11
Frequency, fi 20 40 _68 50 40 25 20 10 8 4 1.

1. Findgfusing equations:

(a) gihe medianmconcehtrétion - Answers: (a) 4.25
(b) fThe mean concentration, m (b) 4.19
(c) :%he gegmetric_mean Eonéentrat;on, mg (¢) 3.64
(d) The standard deviation, s (@ 2.11
(e) lihe sténdard geometric deviation, Sg () 1,74

2, Test (by graphical method) whether or not the above set of
CO concentrations follows approximately a lognormal
distribution.

3. If thé distribution is lognormal, find Mg and Sg from the
lognormal probability paper and compare these estimates
with the values calculated in 1-(c) and 1-(e) above.

~Hint:

'x1 2 3 "4 5 6 7 8 -9 -10. 11 1.74 3.64
In X 0.693 1.099 1.386 1.609 1.792 1.946 2,080 2,197 2,303 2.398 .554 1.29
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HOMEWORK PROBLEM NO., 2

The air quality data for an APCD station for the month of July
1971 measured 15 days where the 03 concentrations exceeded the
Federal Health Standard of 0.08 ppm. In the following year

(July 1972) the station observed 7 days where O, concentrations
exceeded the federal standard.

The APCD station also has a wind system which measures surface
wind speeds and directions.

Hourly wind roses were analyzed for wind speed and direction for
the time period from 1400 to 1800 for both years for the month
of July.

Site ] Site 2

Time U (mph) U (mph)
1400~1500 8 10
1500-1600 12 1l
1600-1700 11 9
1700~1800 10 8

Answer the following:
1, What important parameters affect the 03 concentrations?

2. What may be the possible cause(s) of the reduction
of 03? Explain.

3. Which test(s) can be used to analyze these data to

determine if there is a significant difference in
wind speed?
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" HOMEWORK PROBLEM NO. 3

A highway route is proposed near an airport. Based on 20 years
of hisﬁorical meteorological data the most probable surface
stability for a summer condition was Stability Class D with a
Hrevailing wind direction from the East. These conditions were
estimated for the peak morning traffic (0700-0900) hours. The
most frequent wind speed interval for the easterly direction
was 4 to 7 mph. These meteorological conditions are to be used
as inputs into the line source dispersion model to estimate the
CcO condentrations above background. An APCD station is located
approximately 2 miles from the proposed route. The exposure of
the air monitoring station was considered marginal; therefore,
it was decided that an ambient air quality survey should be
nmade*fér Co.

There were 8 different éampling Locations for CO., All sampling
locations were located about 2 miles apart. All sampling at each
site began at the same time. All samples were obtained for a

one-ho@r averaging time. Sampling began at 0700 and ended at
. 1800.

The foiiowing is a summary of the CO concentration measured at
the sites when the most probable summer meteorological conditions
of stability, wind speed and direction were met.
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CO CONCENTRATIONS IN PPM

Sampling Sites

Date Time APCD 2 3 4 5 6 8
8/15/72 0700 - 12 9 * 9 8 12
0800 5 5 6 5 *
8/16/72 0700 7 5 4 10 8
0800 - 4 4 5 7
8/17/172 0700 8 6 4 5 8 7
0800 6 4 3 5 4 4 4
8/18/72 0700 4 3 3 3
0800 3 3 3 3 3
8/19/72 0700 2 3 2 2 3 *
0800 2 3 2 3 3
8/23/72 0700 11 9 8 * 12 14
0800 11 10 6 7 5
8/30/72 0700 4 5 3 3 4 3 4
0800 4 * 3 4 3 3 3

*No data, air sampling bag leaked.

All measurements made between 0700 to 0900.

Sampling error + 0.5 ppm.



' Answer ‘the following:

l.

What are the impdrtént parameters affecting the CO
copcentrations-at each site?

Which test(s) can be used to determine if there is no
significance difference in the spatial distribution of
coimeasured at all sites (including the APCD station).
If?the APCD station is not representative of all the sites,
how would you determine if it is representative of any
inéividual site or sites?
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HOMEWORK PROBLEM NO, 4

An ambient air quality survey was planned for CO. Sampling

began on September 1, 1972. Three sites were selected based

on homogeneous areas and the general criteria described in the
ambient air quality manual. All air samples were taken
smmultaneously at all three sites to determine the temporal and
spatlal dlstrlbutlon of CO. Sampling began at 0600 and ended

at 1900. Sampllng for the project was based on a balance ran-
domized block design. A mechanical weather gstation was installed
to measure wind speeds and directions. The data from this station
were not available untll the end of the sampllng period.

The foilowing is a summary of the first two days of CO measurements
for the morning period (0600~0900) .

September 1,'1972

Time Site i Site 2 Site 3
0600~0700 6

! 0700-0800 5 8 4 All values
0800-0900 3 6 2 are in ppm

September 6, 1972

Time Site 1 Site 2 Site 3
0600~-0700 8 5 5
0700-0800 8 6

0800-0900 4 ' 7
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“'ﬁhswer”ﬁhe”folléwingﬁl

1.

What parameters influence the background level of CO at
each. site?

Whiéh test(s) can be used to analyze these data to determine
whether there is a significant difference in the spatial
distribution of CO measured at all sites for these two days
sampled for the hours of 0600 to 09002

If there is no significant difference in the CO concentrations
measured on each of these days does this infer that the samples
were taken under similar meteorological conditions? Explain,

Could a statistical analysis be made for each of the days
for “the entire sampling period from 0600 to 19002 Explain




HOMEWORK PROBLEM NO. 5

Before beginning an ambient air quality survey for CO, it was
decided by District 07 to correlate the Transportation

Department's test procedure of bag sampling to the nearest

APCD station which monitors continuously. In this study air samples
obtained by District 07 and the APCD station were taken at the same
location to assure that both were sampling the same air. The
following is a summary of the data collected and analyzed by the
Department of Transportation and the APCD station, respectively:

Division of APCD
Time Highways Station
0800-0900 6 4
0900~1000 5 4
1000-1100 4 4 All values
1100-1200 4 3 in ppm.
'1200-1300 4 3
1300-1400 4 3
1400-1500 3 3

Answer the following:

1. What important parameters should be considered for this
correlation?

2. Which test(s) can be used to analyze these data to determine
‘if there is a significant difference in gsampling procedures?

3. Is it necessary to consider the changes in meteorology
and traffic volumes in analyzing these data? Explain.
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1.

6.

- 10.

11,

'HOMEWORK” PROBLEM NO. 6

What is the eguation for the standard geometric deviation
usihg all the data?

th% is the equation for the geometric mean using all the
data?

WhaE‘percentile is the once-a-year one-hour standard related
to?. (hint=--there are 8760 hours in a year and AP-89 has

‘Table 11)

Whaﬁ?type-of distribution is used for aerometric pollutants
and why? o

In ﬁhrsen's Model what thsical relationship do the following
variables have: Arithmetic mean, m?; Standard geometric

~deviation, Sg?

What'is meant by the worst/worst hour air quality impact for
transportation air quality impact reports on the microscale
level?

Larsén's Model is good fdr what type of pollutants?

Why iE;Larsen's Model suggested in the reporting of air
quality impacts transportation Projects?

When?shouldearsen's Model not be used?

What;should you always do when using Larsen's Model?

Whatﬁbart of the collected data is the most important when
analyzing the field data for use in Larsen's Model?
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1z,

You have the arithmetic mean of a long~term series of CO
concentration measurements—--approximately what position
would this be on lognormal probability‘paper in percentile
if the measured concentrations are of one-hour measurements?
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HOMEWORK PROBLEM NO. 7  ° ;

AIRPORT
SITE 10 SITE %
\ \ SITE 20
W/MWS

We have a mobile air monitoring laboratory which must sample the
three sites shown in the diagram. These sites are all located

within 20 miles of one another, and all must make use of the
mobile laboratory.

1. Organize a sampling scheme for qxidant (covering the
ﬁbnth of August) using a randomized block design.

2. - List of steps that you would undertake to generate
the missing data (days not sampling at a given site).
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HOMEWORK PROBLEM NO, 8

The following pages contain a trial run of STPREG, The data
that was used is the same as the earlier STPREG run except
that logs were taken of all the pollutant data. Congider the
importance of the statistical barameters, Compare this trial
to the earlier run. Which data arrangement gives the better
statistical prediction equation?
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'STEPWISE MULTLPLE LINEAR REGRESSION

- APeb .
COMPARE Bt DATA TO VAN DATA==L0G-L0OG TRANS, TEST

NUMBER OF OBSERVATIONS
NUMBER OF VARIABLES
FORCE, ZERO INTERCEPT

VARIABLE

 TIME/100:
FIELD 07,
APCD 02,
SKY CODE
INV/1OQ:
UBAR-

A EF U

MEAN

12,50000
=-1,48370
-1.53481
2438095
19.85714
4,28571

CORRELATION MATRIX

 ROW 1.
1,00000

ROW 2
08029

ROW 3
06977
ROW 4
© .10845
ROW 5.
7056

ROW &
25661

1.00000

+B82658 1
28774
«25936

.83558

42

6

NO
VARIANCE STD. DEV,
16,6463 4,07999
L0U760 : 21818
L 0U532 .21289
1.60743 : 1.26785
65,10105 8,06852
2,89199 1.70058

.00000

«10490 1.00000

.18430 + 33686 1.,000600

«65653 « 35553 39411
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CONTROL DATA FOR PROBLEM NO, 1

F-LEVEL FOR INCLUSION (0=,01)?20
F-LEVEL FOR DELETION (0=,005)?0

- TOLERANCE LEVEL (0=,001)720

VARIABLE CONROL VALUES

0 -~ DELETE

VARIABLE FROM ANALYSIS

1 - DEPENDENT VARIABLE
2 = FREE VARIABLE -~ MAY BE USED IN ANALYSIS
3 TO 9 - FORCED VARIABLE - LOW 70O HIGH LEVEL

CONTROL VALUE
TIME,s100 1
FI1ELD 0OZ, 2
ARPCD 0z, 3

SKY CODE 4
INV/100 5
UBAR &

FOR:?
22
?1
22
?2
72
72

THIS PROBLEM MAY REQUIRE UP TO 10 STEPS TO SOLVE,

ENTER THE MAXIMUM NUMBER OF STEPS DESIRED FOR SOLIITIONP10
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STEPWISE MULTIPLE LINEAR REGRESSION

APeD
COMPARE T} ATA TO VAN DATA--%OG—LOG TRANS, TEST

PROBLEM ‘NUMBER 1 F TO ENTER .01000
STEP NUMBER 1 F TO REMOVE .00500
DEPENDENT VARIABLE 2 (FIELD 0Z,) TOLERANCE LEVEL  ,00100
VARIABLE ENTERED 6 (UBAR)
MULT. CORR, COEFF, 83558

STD. ERROR EST,  .12135

N

ANOVA TABLE

DF  SUM OF s@, MEAN SQ. F=RATIO
REGRESSION 1 1.36270 1.36270 92.53208
RESIDUAL 40 «58907 J01473

TOTAL g &1 1,95177

VARIABLES 1IN REGRESSION

VARIABLEﬁ COEFFICIENT STD., COMPUTED BETA F=0UT TYP
' . ERROR T~ VALUE COEFF ,
INTERCEPT: =1.94314 '
UBAR & «10720 «01714 9.619 836 9,3E+01(2)

VARIABLES NOT IN REGRESSION

VARIABLE" PART. CORR., TOLERANCE F-IN  TYP
TIMEZ100 1 - 25261 LO34 2.7 (2)
APCD 0Z, 3 67087 « 569 3.2E+01¢(2)
SKY CODE 4 -.01817 874 1.3E-02(2)

INV/100 5. ~. 13853 845 7.6E=01(2)
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STEPWISE MULTIPLE LINEAR REGRESSION

AFD

COMPARE WEENM DATA TO VAN DATA~=L0OG=-LOG TRANS, TEST

PRORLEM NUMBER

STEP NUMBER

1
2
DEPENDENT VARIARBLE 2
3

VARIABLE ENTERED

MULT, CORR,

COEFF*,

STD,. ERROR-EST,

- REGRESSION
RESIDUAL
TOTAL

VARIABLE

INTERCEPT

APCD 0Z, 3

UBAR 6

VARIABLE

TIME/100 1
SKY CODE 4

INV/100 -5

DF

39
41

(FIELD 02Z,)
{APCD 02.)
« 913258
+ 09114

ANOVA TABLE

SUM OF SO,

1.62783
32395
1.,95177

F TO ENTER
F TO REMOVE

TOLERANCE LEVEL

MEAN S@,

« 81391
.0nN831

VARIABLES IN REGRESSION

COEFFICIENT

-.99819
50076
06605

STD,

«0NBB63
«01310

COMPUTED
ERROR T- VALUE

VARIABLES NOT IN REGRESSION

PART, CORR
~.22019

«14280
-, 09019

o« TOLERANCE
<917

« 845
«835

279

BETA
COEFF,
5,650 489
5,952 515
F=IN  TYP
1.9 (2)
7.9E~01(2)
3,1E~01(2)

01000
+00509
00100

F=RATIO

97,.,98722

CF=OUT  FYP

3.2E+011(2)
3.5E+01(2)



..w

STEPWISE

MULTIPLE LINEAR REGRESSION

- APCD _
COMPARE w845 DATA TO VAN DATA-—L0G=LOG TRANS. TEST
PROBLEM NUMBER 1 F TO ENTER
- STEP NUMBER _ 3 F TO REMOVE
DEPELOENT VARIABLE 2 (FIELD 07.) TOLERANCE LEVEL
VARIABLE ENTERED 1 (TIME/100)
MULT,.  CORR, COEFF., .91764
STD. ERROR EST, .09006
ANOVA TABLE
DF SUM OF saQ, MEAN SQ.
REGRESSION 3 1,64353 54784
RESIDUAL 38 30824 00811
TOTAL 41 1.,95177
VARIABLES IN REGRESSION
VARIABLE COEFFICIENT STN. COMPUTED BETA
ERROR T- VALUE  COEFF,
INTERCEPT -.98022
TIME/100 1 -.00501 .00360 -1,391 - 004
APCD 07. 3 JAB410 08840 5,476 472
UBAR 6 07050 L01142 6,172 549
VARIABLES NOT IN REGRESSION
VARIABLE PART, CORR. TOLERANCE F=IN  TYP
SKY COPE 4 .14500 .845 8,0E-01(2)
INV/100 S 20437 211 1.6 (2)

280

«01000
«0N500
«00100

F=RATIO

67.53836

F=0UT TYP

1.9 (2}
3.0E+01(2)
3.,8E+01 (2)



STEPWISE MULTIPLE LINEAR REGRESSION

ABCH

COMPARE i) DATA TO VAN DATA--L0OG-L0OG TRANS, TEST

PRORLEM NIMBER 1
STEP NIMBER m
DEPENDENT VARIABLE 2

5

VARIABLE ENTERED
MULT. CORR, COEFF,
STD, ERROR EST,

BF
REGRESSION 4
RESIDUAL 37
TOTAL 41

(FIELD 0Z.)

(INV/100)
92123
« 08935

F TO ENTER

ANOVA TABLE

SUM OF %0,

1,65641
«29537
1,95177

VARIABLES IN REGRESSION

VARIABLE COEFFICIENT

INTERCEPT -,96411
TIME/100 1 ~201281
APCD 02. 3 - .48188

INV/100 5 00478
LIBAR & « 06654

STD,.
ERROR

+00711
«08772
« 00377
«01175

0100nNn
F TO REMOVE + 00500
TOLERANCE LEVEL 00100
MEAN S@, F~RATIO
41410 51.87380
« 00798

COMPUTED BETA F=QUT TYP

T=- VALUE COEFF,
5.494 HT70 3.0E+01(2)
1.270 177 1.6 (2)
H,.662 519 32E+011(2)

VARIABLES NOT IN REGRESSION

VARIABLE PART. CORR, TOLERANCE

SKY CODE & 06348

684

- 281

F=IN TYP

1,5£~01 (2}



"

STEPWISE MULTIPLE LTNEAR REGRESSION

APCD : ,
COMPARE Vi DATA TO VAN DATA==LO0OG-LOG TRANS, TEST

g

PROBLEM NUMBER

STEP NUMBER

DETENDENT VARIABLE

VARIARLE ENTERED
MILT, CORR, COEFF,
STh, ERROR EST,

REGRESSION

RESIDUAL
TOTAL
VARIABLE"
- INTERCEPT:
TIME/100 1
APCD 07, 3.
SKY CODE 4
INV/100 5
UJRAR 6

F—LEVEL‘bR TOLERANCE INSUFFICIENT FOR

DF

36
41

1
5
2
4

{(FIELD 0Z.)

(SKY CODE)
92156
09040

ANOVA TABLE

SUM OF SQ,

1.65760
29418

1.95177

F TO ENTER 01000
F TO REMOVE «00500
TOLERANCE LEVEL .0010n
MEAN SQ, F=RATIO
33152 40,56996
.0n817

VARIABLES IN REGRESSION

COEFFICIENT.

~-.95987
=.01165
«48915
00514
00408
« 06519

STD,.
ERROR

00781
«09077
«01387
+00u24
.01241

282

COMPUTED BETA F=0UT TYP
T~ VALUE COEFF,

-1,493 -.218 2.2 (2)
5.389 JUTT 2.9E+01(2)
« 382 «030 1.5E=01+(2)

« 963 151 9,3E=01(2)
5.253 «508 2.,8E+01(2)

FURTHER COMPUTATION,



STEPWISE MULTIPLE LINEAR REGRESSION

APCD
COMPARE TkEtm) DATA TO VAN DATA=-=LOG~LOG TRANS, TEST

SUMMARY TABLE

STEP VARIARLE MULT. STD. F NO. IN
NUMBER NAME IN OUT  CORR.. ERROR RATIO REG,
) 1 UBAR 6 83558 ,12135 92,53208 1
2 APCD 07, 3 91325 .09114 97.98722 2
3 TIME/100 1 .91764 09006 67.53836 3
4 INV/100 5 292123 .08935 51.87380 y
5 SKY CODE 4 + 92156 «09nunN 4n,56996 5

RESIDUAL ANALYSIS (YES OR NO)?NO
ANOTHER PROBLEM USING THE SAME DATA (YES OR NO)2NO
INPUT NEW DATA FILENAME OR 'STOP'?STOP

GO00D-BYE, BE SURE TO DELETE FILE '$REG' BEFORE LEAVING
THE SYSTEM,

>QUIT
-DEL. $REG
| -L0GO
. 0951 01/09/74
. CPU MINS - 0,350
| TERMINAL MINS = 28,30

FILE MODULES = 21

S A - it W e (Bl i o — o e
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TABLE 1. AREAS

under the '
STANDARD
NORMAL CURVE
from 0 to z
s 0 1 2 3 4 ] 6 K 8 9
0.0 ‘ 0000 0040 0080 0120 0160 01892 0239 L0279 0319 0359
0.1 0398 0438 0478 0517 0557 H596 0636 L0676 0714 0754
G2 0793 0832 L0871 L0010 0948 H987 1026 1064 1103 J141
03 1179 1217 Jd2535 1293 1331 1368 1406 1443 1480 J517
04 A654 4591 1628 . «1664 1700 1736 JA772 - 1808 1844 1879
) 0.5 1915 195¢d 1985 2010F 2054 2088 2123 L1867 2190 2224
0.6 2258 £291 2324 2357 2389 2422 2454 2486 2518 2549
0.7 2580 2612 2642 2673 2704 2734 2764 2794 2823 2852
0.8 2881 2010 2939 2967 0 2996 5023 2051 3078 3106 3133
09 3159 ..3186 J212 2238 J264 3289 3315 8340 - 3366 3389
.15 3413 3438 3461 2485 3508 35631 35564 3517 3599 3621
1.1 2643 3665 3686 Q708 . 3729 3749 3770 3760 . 3810 A830
1.2 3849 3869 3888 3907 3925 3944 3962 3980 3997 4015
12 4032 4049 JA066 - 4082 4099 A115 4131 4147 4162 A177
14 A192 . 4207 A222 A236 4261 A265 A279 A292 4306 A319
1.5 4332 4345 4357 4370 4382 A394 4406 4418 A429 '.4441
is 4452 4463 4474 4484 4496 4505 A516 4525 4535 4545
l.'l_ 4554 4b64 4573 4582 45691 4598 4608 4616 A625 4633
is A641 4649 . 4656 4664 4671 A678 4686 4693 4699 AT06
19 AT13 A719 4726 AT32 AT38 AT44 4750 4766 4761 AT67
20 4772 A778 4783 4788 AT93 ATI8 . 4503 4808 4812 A817
2.1 4821 4826 4830 AB34 4838 4842 4846 4850 4854 A857
221 .4861 A864 - 4868 4871 AB876 4878 4881 4884 A887 - 4890
23 4893 AB96 4898 4901 4904 4906 4909 4911 4913 4916
24 4918 - 4020 4922 A926 4927 4929 4931 4932 A934 A936
25 . 4938 4940 4941 4943 A945° A6 _'.4948 4949 A951 4952
8.6 4953 4955 4956 4957 4959 4960 4961 4962 A963 45864
a2 4963 4966 L9067 4968 4969 A970 4971 4972 4973 A974
28 A974 A975 4976 A977 AT A978 4979 4979 A980 4881
2.9 4981 4982 49582 A983 ;4984' . 4984 4986 4985 4986 A9BG
3.0 4987 4987 4987 4088 4988 4989 49893 4989 4990 A990
. 841 4990 4991 4991 4991 4992 4592 A992 4992 49893 4993
32 4993 4993 4994 4994 A994 4994 4994 4995 4995 49395
33 4995 4895 A995 4996 4996 4996 4996 A996 4996 49917
34 4997 4997 . 4997 4997 4997 4997 A89T7 4997 4997 4998
35 4998 ) . .4.998 . 4898 4998 4998 A998 4998 4998 4998 4998
38 4958 . 4998 . .. 4999 4999 4999 4999 4999 4999 4699 4999
3.7 A9399 4909 4999 45999 4999 - A099 4999 4999 4999 4999
3.8 4999 49938 4999 4999 £999 4999 4599 4889 A993 4999
39 L5000 5000 5000 5000 5000 5000 5000 L5000 L5000 S5000
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E

" Table &, QUANTILES OF THE WILCOXON SIGNED RANKS TEST STATISTIC

. aln + 1)
Woos  Wor Waos Wos Wao Wi Wa Wy W so 2
i i
ne=4] 0 0 0 o 1. 3 3 4 s 10
510 0 0 T 3. 4 s 6 7.5 15
6 ] 0 1 3 4 6 8 [ 10.5 21
7 0 1 3 4 6 9 U 12 14 28
8 ) 4 6 9 12 14 16 18 36
9 2 4 '3 9 I1. 15 18 20 225 45
10 4 6 9 11 15- 19 2 25 275 55
13 6 8 11 14 183 23 27 30 33 66
12 8 10 14 18 2 28 32 36 39 78
13.) 10 I3 18 22 27 33 38 42 455 91
14 113 16 22 26 32 39 44 48 525! 105
18 16 20 25 31 37 45 51 55 50 " 120
16 | 20 24 30 36 43 SI 58 63 68 136
17 ] 24 28. 35 42 49 58 65 T1 7651 153
18 {26 33 T4 48 s6 66 13 80 85| In
19 133 38 47 sS4 63 74 8 89 95 (T 190 |-
20 | 38 4 53 61 70 8 91 98 105 210

~ For a farger than 20, the pth quantile w, of the Wilcoxon signed ranks test statistic

may be approximated by w, = [n(n + 1)/4] + zoVn(n + 1)(2n + 1)/24, where z,,
is the pth quantile of a standard normal random variable, obtained from Table 1.

2 8_7_—A
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1000

1010
i62¢
1030
1040
1050
1055
1660
1070

1080
1690
1100
1110
1120
1130
1140

1150
1160
1170

1180
1190

1200

1220
1230
1240
1250
1260
12790
1280
1290
1300
1310
1320
1330
1340
1350
1360

1376
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1430
1500
1510

S . L Loy
DEF DGUBLE FNCHI2 (CHIS) V)
DCUBLE CHIS»CHIyClsC2sPROBy Ts QX
INTEGER VrRyD1
IF CHISC=0 THEN PROB=1 ELSE 1050
GOTC 1160
CHI=SQRT(CHIS)» C1=0
IF CHISS350 THEN 2X=0 ELSE ZX=1/EXP(CHIS/2)
IF V<3 THEN 1110
IF (V MGD 2) THEN ClsC2=CHI, D1=1
ELSE C1sC2=CHIS/2s D12
' FOR R=2 TO INT((V-1)/2)
D1=01+2s C22C2%CHIS/D1sr C1=C1+C2
. NEXT R -
IF (V MOD 2) THEN 1130 ELSE PRCBZZX(1+C1)
GOTC 1160
TZ1/(14.2316419%CHI) -
OX=TH{ e 31938153+ T (=« 356563782+ TH (1, 781477937+ T*
(=1.821255978+ T*1, 330274429)) ) )
PROB=2% 2 (@X+C1) /SQRT(2%PT)

‘RETURN PROB
END !

PRINT ' _ o
PRINT#I"DAFA FILENAME GR 'EXP! FOR PROGRAM INFORMATIGN™:

INPUT Fg

PRINT . . .
IF F$=1EXP' THEN 1750
PRINT#3JOB TITLE?S
INPUT HEDS

PRINT

PRINT? 3 *"NUMBER OF¢
PRINT:::'RGWS tCArEGORICS) L
INPUT N

PRINT?1 7 ¥COLUMNS (GRGUPS) '
INPUT K

PRINT ' '
PRINT::'SIGNIFICANCC LEVEL?Y S
INPUT SIG ,

DIM X{NeK)» C{K}»CS(K)

OPEN F$r1s INPUT» OLD

MAT INPUT FRCOM 1:X !

PRINT CHAR(12)
PRINT
PRINT? 3 *ANOGVA FCR CATEGORICAL DATA?
PRINT
PRINT? § HEDS
PRINT IN FCRM"/6BYDATALY//10B"?
CFOR I=1 TO K
: PRINT IN FCRM'6%': T
EXT I
Fs_'es YHSTRIGXK+L)+T (1t ) /0
PRINT IN FGRM F$3 ,
. FOR I=1 TG N
- PRINT IN FORM™G%!——t g}
FOR J=1 TC K
PRINT IN FORMY6%?IX(1,J)
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1520
1530
1540
1550
1560
1570
1580
1520

1600
1610
1620

1630
1640
1650
1660

NEXT J
PRINT _ ,
IF NCT (I MCD 10) THEN PRINT
NEXT I '
FOR Iz1 TO N
NIP=0Q

FGR J=1 TO K
NIP=NIP+X{Ir e C{NZCIN+X(I» D) CSIUI=CS{N+X(TyJ) ~2

NEXT J
"TSS=TSSHNIP~2y NPP=ENPP+NIP
NEXT I !

FOR I=1 TCO K
WSS=WSS+CS(I) /C(I)
NEXT I
TSS:NPP/2-TSS/(2*NPP)v,WSSEINPP—WSS)/zr BSS=TSS=-WSS

167THSCC=R2¥NPP=1 )% (N=1) s DF=(N=1)%(K=1), P=FNCHI2(CC»DF)

1680

1690

17460

1710
1720

730
1740
1750
1760
1770
1780

PRINT IN FORM™//12B' CATANCVA TABLE*//10B*SCURCE'10B'SSY 2/
6B BETWEEN GRCOUPS!'7%,5% SB'% EXPLAINED ZVTH. 5%/
BSSr100%R2 .
PRINT IN FORM"AB'WITHIN GROUPSY7T%.5% SB'CHI=-SQUARE ='7%.5%/
58BYDEG, FREEDOM ='7%/15BY TCTAL' 7%, 5% SB*PROBABILITY =t
TR 5%/ /" EWSSYCCrDF» TSSe P . :

IF P<SIG THEN A$='REJECT' ELSE
A$='DO NOT REJECT?® ,

PRINTe A$2* THE HYPCTHESIS THAT THE t:K:e GROUP POPULATICNS!

PRINT#3 *ARE THE SAME FGR THE *INI¢ CATEGCRIES, '@

PRINT IN FORM™? (SIGNIFICANCE LEVEL AN PRGT AR RV ALE 2 et

END

PRINTy Yakkkk PROGRAM SILSTATICATANGVA skkksk?

PRINT ' :

PRINT# 33 ' THIS PRGGRAM TESTS THE HYPCTHESIS THAT A NUMBER GF?

PRINTH I *SAMPLED GROUP PGPULATIONS, ARE THE SAME FCGR ALL GF AY

179F1810 PRINTII'R, J. LIGHT AND B, H, MARGCLIN IN THE JGURNAL GOF THE?

1820
1830
1840
1850

1860
1870
1880
1830
1300
1310
1920
1930
1340
1950
1960
1370
1380
1390
2000
2010
2020

PRINT# 3 * AMERICAN STATISTICAL ASSGCIATION, VOL., 66+ NG, 335,
PRINT}# YSEPTEMBER 1971, ¢

PRINT - |
PRINT}#1'BEFCRE LINKING THIS PRCGRAMs PREPARE A TEXT DATA FILEY

PRINT#IYIN THE FCLLGWING FGRMATS®
PRINT

PRINTe *X(1r2) s X{102) reeerX(1pM)?
PRINTs "X{291) 0 X(292Ypgeer X(20M)?

pRIN.r"Itlttcl!lt‘-ltllj_lt(tttlt('

PRINT, "XINe 1) p X{Ns2)pege (X{NpM)?

PRINT -
PRINT? 3§ "WHERE X(IrJ) = VALUE FCR THE 1'TH GRCUP GF THE®
PRINTI§5% J'TH CATEGORY"

PRINT

PRINTH 3 YUPGN LINKING THS PRCGRAMy THE USER wWILL BE?
PRINT# 3 'REQUESTED TC INPUT THE DATA FILENAME, A JCB TITLEs?
PRINT? 3 * THE NUMBER GF ROWS (CATEGCRITS)» THE NUMBER GF COLUMNS?
PRINTHE ' {GRCUPS) AND THE SIGNIFICANCE LEVEL.*

PRINT

PRINTF##YCUTPUT CONSISTS GF A LISTING CF THE DATA?
PRINT# 3 *FOLLOWED BY THE CATANGVA TABLE, THE PERCENTAGE GF?

292



2040
2050
2060
2070
2080

20630

PRINT? 1 VARTIATIGN EXPLAINEDs THE CHI=SQUARE VALUE, DEGREES!

PéINTli'OF FREEDCM AND ASSCCIATED PROBABILITY.!

PRINT ' N

PRINT#3 3 "FINALLYs, THE CONCLUSION STATEMENT (BASED ON THE*
PRINTHII'SIGNIFICANCE LEVEL) CONCERNING THE NULL HYPGTHESIS WILL?
PRINT# # 'BE PRINTED,*
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990 DIM X(1000+2)s2(10003»R(1000) +S(1000)

1800
1010
1620
1030
1048

1056
1660
1070
1680
1030

1095
1100

1110

1120
1130
1140
1150
1160

1170

1180
1200

1210
1220
1230
1240
1250
- 1260
1270

1280

1290
1300
1310
1320

1330
- 1340

1350

1360
137

1380
1390
iggo

1410
1420

1430.

1440
1450
1460
1470
1480

PRINT

PRINTS i "DATA FILENAME CR 'EXPY

INPUT Fs$

IF FS=*EXPY

DATA 01
- 83
DATA -1
73

DATA -1
. 62
DATA =1
55

DATA .1

02
92
01
81
-1
69
-1
61

«05 _
MATwREAD“C(405=25)rSIG(4)
GPEN F$» 19 INPUT» CLD

'PRINT# ' UOB TITLE®:

INPUT HEDS$

PRINT

THEN 1900

G4 06 08
101 _
02 04 06
30
06 02 03
77
=1 00 02
68

-02 rOl

PRINT?H # "NUMBER CF¢?

PRINT# # 3 *ROWS (GBSFRVATIONS)"

INPUT NM

PRINT##7*COLUMNS (DISTRIBUTIGNS) *32
INPUT K _
DIM X INMeK) » ZONM) ¢ RENM) » S ONM)

MAT:INPUT FROM 11X

PRINT CHAR{12)

PRINT

PRCGRAM

14 17 21

INFORMATICGN™:

7 54 60

46 52
38 43

32 37

PRINT# 5 *WILCOXON MATCHED—PAIRS SIGNED~=RANKS TEST?

PRINT

PRINTS § HEDS

PRINT
PRINT

IF =2 THEN Ci= =1r.

GOTC- 1320
PRINTH 'ENTER THE TWCG CCLUMN NUMBERS TC BE TESTED!:

INPUT C1.,C2

NvNPoNN“O
FOR I=1 TC NM

ZZ=X(Ip C1)=X(1sC2}
IF 722 THEN N=N+1.,

ELSE 1380

IF S(N)=1 THEN NP=NP+1

IF S(N)==1 THEN NN=NN+1

NEXT
PRINT
PRINTIF'CF THE *SNM:?

PRINT

IF N>4 THEN 1450 ELSE PRINT} _
YUNABLE TO TEST *:NIt PAIRS WITH DIFFERENCES = 5 MINIMUM, !

END =

PRINT? 3 *SIGNIFICANCE LEVEL (2-TAILED)':
IF N<26 THEN PRINT ELSE 1520

I

PRINTF#3 71

IF N}5 THEN PRINT#53'2 = ,05°¢

'PRINT# 3 "DIFFERENCES AND 3

= «10¢

C2=2 ELSE 1300

ZIN)=ABS{ZZ)» S(N)=SGN(2Z2)

PAIRED GBSERVATICNS

INPI* HAD POSITIVE!

HADR NEGATIVE DIFFERENCES,!



. . o1 PR
1890 IF N>6 THEN PRINTII#'3 s02Y
1500 IF N>7 THEN PRINTI} F 'Y = 01"
1510 PRINT##'INPUT INTEGER SELECTION®:
1520 INPUT PRCB :
1530 PRINT
1540 MAT R=(1)
1550 FGR Izl TG N=1

41

1560 FGR Jz=I+1 TO N

1570 ON SGN{Z{N=2(I))+2 GCTC 1600« 1620
15861600 RID=R(I)+

1610 GCTC 1630

1620 REIDERIII+4S5r RIVDIZRIN 4.5

1630 NEXT Je I

1640 TP, TN=0

1650 FOR I=1.TO N

1660 IF S(I)=1 THEN TPzTP+R(I) ELSE TN=TN+R(T)

1670 NEXT I

1680 TEMIN(TPsTN) C e e

1690 PRINTHI*THE VALUE GF T FOR N-= *iNz? IS vs7T

1700 PRINT

1710 PRINT

1720 IF N<26 THEN 1810 , o

1730 QG=Nk(N+1)/4s QQ=ABS(T=Q) /SQRT( Gk (2%N+1) /6)

1740 T1Z1/(14.2316419%GQ)

1750 QX=T1%(.31338153+ T1k (=, 356563782+ T1% (1. 781477937+ 14
(~1.821255978+Ti%1,330274429)))) -

1760 QX=2%Q@X/ (SQRT(2%PI}*EXP(QG*Qa/2) ) _

1770 IF QX>PRCB THEN A$2'DC NCT REJECT! ELSE A$=YREJECT? |

1780 PRINT IN FCRMM6BYABS(Z) =72%,5% 3BYPRCBABILITY ='%,5%/":QQs QX

1790 PRINT

1800 GGTG 1850 -

1810 PRINT##TCRITICAL VALUE = v:C(PROBsN)

1820 PRINT o

1830 IF T>C(PRCBy)N) THEN ASZ'DC NGT REJECT' ELSE A$='REJECT

1840 PRCB=SI1G(PROB) : |

1850 PRINT IN FCRM"//19%" THE HYPOTHESIS THAT THE TWG DISTRIBUTIONS?
/6BYARE FRCM THE SAME PGPULATICN, (SIGNIFICANCE LEVEL =+
%e3%%)1//// "3 ASs PROB N N .

1860 PRINT#}#*ANOTHER ANALYSIS USING THE SAME DATAY:

1870 INPUT ANS

1880 IF ANSZ'YES' THEN 1210

18861885 IF AN$='YES' THEN 1100

1890 END _

1900 PRINT } '

1310 PRINTy b "xkkkk PROGRAM SILSTATIMPAIR ko ?

1920 PRINT

1950 PRINT} 7t THIS PROGRAM TESTS THE HYPOTHESIS THAT TWC SAMPLED®

1540 PRINT# 3 *DISTRIBUTIONS ARE FROM THE SAME POPULATION BY USE GOF!

1350 PRINTI ' THE WILCCXCN MATCHED=PAIRS SIGNED=RANKS TEST., THIS?

1360 PRINT#} "PRCCERURE IS DESCRIBED IN *NGN=PARAMETRIC STATISTIOSM-

1370 PRINTII"FCR THE BEHAVIGRAL SCIENCES' BY SIDNEY SEIGEL (MCGRAW="
193F2000 PRINT?#3'BEFORE L INKING THIS PROGRAMy PREPARE A TEXT DATA FILE?
2016 PRINT}#*IN THE FOLLOWING FORMAT: *

2020 PRINT

2030 PRINT!i3'X(171}0X(1v2)!.c.rX(lvM}'
2040 PRINTIiI'X(Zrl)rX(2r2)vacerX(29M)'
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‘2050

2060
2070
2080

2090

2092
2094
2100
2110
2120
2130
2140
2150
2160
2170

- 2180

2190
2200

2210
2220

2230
2240
2250
2260
3270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420

pFéI‘NT""tlll’tc.;tti-&tlllttttllll’l'
PRINTHIFYXINIL) 0 X{Nr2) pecer X(NoeM)?

PRINT -
PRINTI i "WHERE X(IrJ) = THE I'TH OBSERVATIGN OF THE®
PRINTS 3 ® J'TH DISTRIBUTICN, ™

PRINT

PRINTH 3 'MAX, VALUES = I*J=2000, 1=1000°

PRINT o e
PRINTS ## 'UPCN LINKING THIS PRGGRAMs THE USER. WILL BE?

PRINT#} YREQUESTED TG INPUT THE DATA FILENAME, A JOB TITLE,*
PRINT) * THE NUMBER CF ROWS (OBSERVATICONS) » AND THE NUMBER!?
PRINT#$'OF COLUMNS (DISTRIBUTIONS) IN THE DATA FILE,*

PRINT

PRINTH? 3 xkxkkFOR EACH PROBLEM sk ?

PRINT '

PRINT# 371 IF THE DATA FILE CONTAINS MGRE THAN TWG DISTRI-?
PRINTI *BUTICNS, THE USER WILL BE REQUESTED TG INPUT THE TWO?
PRINTS 3 ' COLUMN NUMBERS HE WISHES TG TEST, !

PRINT _ .

PRINT? 49 THE NUMBER GF POSITIVE AND NEGATIVE DIFFERENCES WILL®

PRINTH: *THEN BE CUTPUT AND . THE USER WILL THEN BE REQUESTED TG*

PRINT##* INPUT (BY INTEGER SELECTICN IF N<26 OR OTHERWISE ACTUAL®

.

PRINT#3*VALUE) THE TWO=TAILED SIGNIFICANCE LEVEL, (IF A GNE=!
PRINTII'TAILED TEST) ENTER A VALUE EQUAL TG TWICE THE SIGNIFIY
PRINT# 3 "CANCE LEVEL DESIRED)!

PRINT _ L

PRINTF} 31 THE OUTPUT THEN CONSISTS OF THE VALUE GF T+ EITHERY
PRINT##YTHE CRITICAL VALUE IF N<26 CR THE ABSGLUTE VALUE GF 7¢
PRINT## ' AND THE CALCULATED PROBABILITY IF N>25¢ AND THE STATE!
PRINTI 3 *MENT OF WHETHER TO ACCEPT QR REJECT THE HYPCTHESIS THAT®
PRINT}# Y THE TWO DISTRIBUTICNS ARE FRCM THE SAME PCPULATICN,
PRINT

PRINT##5*THE USER IS THEN REQUESTED TG INPUT A "YES™ CR "NGW?
PRINT#i*TO WHETHER HE WISHES ANCGTHER ANALYSIS USING THE SAME!
PRINT}}"DATA, IF "YES" THE PROGRAM WILL START WITH A NEw!
PRINTHF*ANALYSIS OF THE SAME DATA,*

"PRINT

PRINTI 130 IF "NO® IS INPUT, THE USER WILL BE ASKED IF THERE IS¢

PRINT# * ANGTHER PROBLEM IN THE DATA FILE. IF "YES" IS ENTERED, *
PRINT?#'THE PROGRAM WILL START BY REQUESTING A NEW JCGB TITLE.!

297



5;LSTATIFRIED

298



i
=
&

1000
1010
1020
1030
1040
10bu
1060
1070
1U80
1090
1100
1170
1120
1130
1140
1150

1160
1170
~11810
1190
119H
‘1200
1210
1220

1230

1240
1250
1260
1270
1280
1290
1300
1314
1320
1330
T340
1350
1360
1370
1380
1390
1400
1410
1420
1421
1422

1423
1420
142%
1426
1427
1428
14209

FILE  ==m== 452 JSENVIFRIEDH =r=m- 10/715/78 =  16% T e——

DEF DOUBLE FNCHIZ2(CHIS»V)

DOUBLE CHIS»CHIPCLeC29PROBrTr@X

INTEGER VeR19D1

IF CHIS<=0 THEN PROB=1 ELSE 1050

GOTOQ 1170

CHIZSQRT(CHIS)» C1=0 _

IF CHIS>350 THEN 2X=0 ELSE ZXT1/EXP(CHIS/2)

IF V<3 THEN 1120

IF (VIMOD 2) THEN C1rC22CHIs D1=1 ELSE C1sC2=CHIS/2¢ D1=2
FOR R1Z2 TO INT((V=1)/2)

D1=D1+2» C2TC2*CHIS/D1r C1=C1+C2

NEXT-R1

IF (Vv MOD 2) THEN 1140 ELSE PROB=ZX*(1+C1}

GOTO 1170

TS1/701+,2516419%CHI)

QXSTH (o 31938153+ Tk (~, 306563782+ T* (1, 781477937+ T* (=1 .821255978+T

*1,350274429)) )

PROB=2%ZX*x (QX+C1 ) /SART (2%PT )

RETURN PROB

END 1) .

PRINT: 3} "MONIFTIED FEBe. 74

PRINT: .

PRINTF i "DATA FILENAME OR *EXP' FOR PROGRAM TNFORMATION™S

INPUT.F%

PRINT:

IF FSS'EXPY THEN LINK *S5ILSTATIFRIEDEXR' !
INTEGER ROWS+COLSIREPSINC

OPEN F%»1s INPUT»OLD

PRINT#3'JOB TITLE':

INPUT-HENS

PRINT

PRINT 35 "NUMBER OF 2"

PRINT? 53 *OBSERVATIONS '/ REPLICATION':

TNPUT. ROWS ‘
PRINTJ i "COLUMNS (TREATMENTS) 73
INPUT COLS

PRINT? 3} 'REPLICATIONS U
INPUT- REPS

IF ROWS>0 AND COLS>N ‘AND  REPS>0 THEN 139n ELSE PRINT

PRINT#: 'ROWS»COLUMNS AND REPLICATIONS MUST RE 1 OR GREATER. *

GOTO 1280 !

N=COI_S*REPS

INTEGER COL{COLS)

NIM xénsps.mows.COLs:.Y(REPSrRoanCOLs;.AtN).R:N)-SUM(N)

MAT INPUT FROM 1:!X !

CLOSF. 1

PRINT "DO YOU WANT TO SKIP INTERMEDIATE PRINT AND STORE DATA ON A FTI

Ev

INPUT .SKP$

IF LEFT (SKP$s1)8#'Y' THEN 1435

PRTINT "ENTER DATA FILE NAME » OLD OR NEW"3
INPUT FILS»AGS

IF AGSZ'OLD' THEN 1430

OPEN FTLSe 12 SYMBROLIC OLTRPUT»SERUENTTAL » NEW
BNTO 1431
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1430 OPEN FILS¢ 12 SYMBOLIC» SEQUENTIAL » OUTPUT » OLD

1451 XSESTRICOLS)I+' (4%.% B) /Y

1432 MAT PRINT ON'1 IN FORM X%&X

1433 GOTO 1670 '

1435 PRINT CHAR(12)

1440 PRINT

1450 PRINT# I 'FRIEOMAN 2=WAY ANOVA BY RANKS?

1460 PRINT

1470 PRINT? iHEDS

1480 PRINT IN FORM"/6B'DATAL'//10B":

1490 S0R TI=1 TO COLS '

IB01 PRINT IN FORM'A6%'":T

TH10 NEXT I

1520 FSZTERBT+STRIGKCOLSHL )+ (Ym?) s jn

1530 PRINT IN FORM F$3 ;

1540 FOR I=1 TN REPS :

1550 PRINTsF' REPI_ICATION 7271

1560 FOR J=1 TO ROWS

1570 PRINT TN FORMVBY%Tmmtws |

1580 FOR K=1 T0O COLS

1590 PRINT IN FORMTU4%. %' IX{TeJrK)

1600 NEXT K

1610 PRINT

1620 NEXT J

1630 PRINT

1640 NEXT I !

1650 DO 14358 1470

1660 PRINT

1670 PRINT#'INPUT NUMBER OF COLUMNS IN ANALYSIST:

1680 INPUT NC -

1690 TF NC>2 THEN 1720 ! C . :

1700 IF NC—=2 THFN PRINTI ¢ "UNABLE TO COMPARE TINC:' ORSERVATIONS.' E
ILSE PRINT? 3 'LINK SILSTATIMPAIR FOR TEST OF Two RDISTRIBUTIONS, *

1710 GOTO 1660 ¢ L

1720 IF NC>COLS THEN 2560

1730 INTEGER COL (N

1740 IF NCLCOLS THEN 1790 1

1750 FOR I=1 TO NC

1760 COL(I)=T

1770 NEXT 1

1780 GOTO 1920 '

1790 PRINTH: T"INPUT 'INC:' COLUMN NUMBERS IN ASCENDING ORDER?Y

1800 PRINTI;

1810 MAT INPUT COL

1820 IF COL(1)>U THEN 1850 ELSE PRINT

1830 PRINT#3"INPUT COLUMN NUMBERS FROM 1 TO YICOLSITY ONLY!

1840 GOTO 1670 ¢

18510 FOR T=2 TO NC &

1860 IF COL(TI>COL{TI-1) THEN 18Y0 FLSE PRINT

1870 PRINTII'COLUMN NUMBERS ARE NOT TN ASCENDING ORDER?

1880 GOTO 1670

1890 NEXT T !

1900 IF COLINC)I>COLS THEN PRINT ELSE 1920

1910 GOTO 1K30

1920 NTNC*REPS, FEZTOBT+STR{OXNCHL) 4" (V) s sw

1921 TF LEFT(SKPSs1)=7Y' THEN 1980

1930 PRINT IN FORM"/6HBTRANKS'//10B8":

1940 FOR I=1 TO NC

1950 PRINT IN FORM'6%':COL(I)

1960 NEXT I
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1970 PPTNT IN FORM F®32
1980 DIM A(N}nR(N)rY(REpS!ROWSlNC)lGUM(NC)
1990 MAT StiM=(n)
2000 FOR I=1 TO ROWS
2010 =0
2020 FOR J=1 TO NC
20317 FOR K=1 TO REPS :
040 {=L+1r A(L)S X(KeIsCOL(U))
2050 NEXT Kry
2060 MAT R=t(0)
2070 FOQ J=1 TO N
200 IR R{J) THEN 2190 ELSE SMPEQENy Q=A(Y)
20917 FOR K=1 TO N
2100 IF :A{K)>Q THEN 2120
2110 TF A(K)Y<CQR THFN SM=SM+1 FISF EQAREQ+1r R{K)zT=}
2120 NFXT K "
2130 T1F FA>1 THEN: 215n ELSF R(JJ‘SM+1
2140 GOTO 2190
2150 0“9M+ Hk(EQ+1) .
21al0 FDR K21 TO N .
2170 IF_R(K) ==1 THEN R(K)=Q
2180 NEXT K

2190
22043 x ‘
2210 =1 TO NC™
2220 FOR'K=1 TO REPS

2230 L:L+Jv Y(KrToJI=R(L)» %UM(J)-SUM(J)+R(L}
2240 NEXT KedeT !

2242 IF LEFT(SKPS»1IHTY' THEN 2250
2243 YEZSTRINCI+T (4%,% Bi st

P244 CHEIM/EYS

2245 MAT PRINT ON 1 TN FORM C$:COL
2246 MATYPRINT ON 1 TN FORM vs Y

2247 GOTO 2360

2250 FOR'I=1 TO REPS -

2260 PRINT»3* REPLICATION *:T

2270 FORUUZ1 TO ROWS -

228100 PRINT IN FORMWE% twmtrs

22090 FOR*KZ1 TO NC

2300 PRINT IN FORM'u%, %"Y(IkoK)

2310 NEXT K

2520 PRINT

2340 NEXT J

23410 PRINT”

2350 NEXT- 1 !

2360 DO 14353 1470

2370 PRINT

2380 ‘PRINTH 3 'COLUMN RANK TOTALSS?

2390 PRINY

2400 S=0y: .6*(R0W9*9FPS*(REPS*MC+1):
2410 FOR I=1 TO NC

26420 SZSEISUMIT) =K} ~2 .
2430 PRINT IN FORM™UB 'COLUMNY 3% TSR H/TICOLIY) »SUMIT)
24 NEXT T :

24a5 IF LEFTISKPSs1IRIYY THFN 2450
20446 MAT 'PRINT ON 1 IN FORM C$H:SUM
2450 CHIZ6*S/ (NC*RFPG*K ) Z=FNCHT2(CHT #NC=1)
2460 PRINT ' ‘

2470 PRINTH!*SIGNTFICANCE LEVEL'S

2480 INPUT PROH

25%8 ¢



2490
2500
251n
2520

2522
25H2%

2530
25410
2150
2560
2565
2570

IF (NC=3 AND N<10) OR (NC=4 AND NCOH) THEN PRINT ELSFE 2h10

PRINTS ;5 *INEXACT PROBABILITY -~ REFER TO PROGRAM TNFORMATION, ¢

IF P>PROB THEN 25285

PRINT TN FORM™/ /6B 'CHI=SQUARE SY5%.3% SBYDF =ryx S5B'PROBARTLTTY =v
BeD¥//'REUFCT HYPOTHESIS THAT THE'3%' DISTRIBUTIONS ARE Y/ 65
ROM THE SAME PODULATION.'///"!CHI!NC-1vPrA$vNC

GOTN 2530

PRINT IN FORM"/ /6B YCHI~SQUARE STH5%.3% SBYDF =ruy SBYPROBARTILITY =¢v
$4B%//7'D0 NOT REUFCT HYPOTHESTS THAT THE *3%¢ DISTRIBUTTONS ARE*/

ARTFROM THE SAMF POPULATION.'///":CHI:NC—I-P;A%-NC

PRINT} ;" ANOTHER ANALYSIS USING THE SAME NDATAY: : '

INFPUT ANS

IF ANSZYYESY THEN 1650

IF LEFT(SKPS»1)8Y" THEN 2570

CLOSE 1

END
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100
i10
120
130
135
140
141
142
150
160
170
180
190
200
290
3006
310
320
330
340
350
360
37
380
390
400
H'
410
420
430
440
450
460
u7
480
430
500
510
520
530
1600
1019
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
11560
1160
1170
1180

DIM A(Joldo)er(JO)OTC(Jp) ) ,

PRINT*DATA FILENAME GR 'EXP' FCOR INPUT FCRMATW™:

INPUT F$ ‘

IF. FERYEXP® THEN 10060 ;

PRINT

PRINT ' '

PRINT? ook PROGRAM SILSTATS CONTIN ook ?

PRINT ‘ :

PRINTE3 *THIS PROGRAM COMPUTES CHI-SAUARE FGR CONTINGENCY TABLES?
PRINTHIYCF UP TO 30 RCGWS AND 30 COLUMNS,?

PRINT

PRINT3"DATA IS ENTERED INTC A SEQUENTIAL TEXT FILE AS FCOLLOWS:?

PRINT

PRINT!I?TITSs NRs NC* _
PRINTHF'X(121)9X(102)psaerX(1oNC)?
PRINTEZ*X{2,1)pX(2p2)recer X(29NC)?
pRINr,"CCC‘.CC.*ICCIICI"CI‘I’OCI'CC'.
PRINTSEIX(NRP L) »X{NRs2) pyqer X{NRyNC)?

PRINT

PRINT? *WHERE S

PRINTIF*TITS=JOB TITLE"

PRINT? #*NR =NUMBER CF RCWS 1<NR<31?

PRINT#3 '*NC =NUMBER COF COLUMNS 1<NC<31?
PRINTFII"X(IsJ)= DATA?

PRINT _ , :
PRINTH T CUTPUT CONSISTS OF ACTUAL AND EXPECTEDR FREQIENCIES FCR EAC

PRINTITCELL AND THE CHI-SQUARE (WITH ASSGCIATED DEGREES OF FREE-*
PRINT? *DGM) , 9

PRINT J

PRINT#3 YUPCN COMPLETIGN, THE PROGRAM WILL CHECK TC SEE IF ANGTHER!
PRINTI YSET GF DATA IS IN THE FILE FGR ANALYSIS, IF ANCTHER SET!
PRINT#'IN THE SAME FCRMAT IS AVAILABLEs, AN ANALYSIS GN THE NEW!
PRINTI?DATA WILL BE PERFGRMED, !

PRINT |

PRINTH: ' THE PROGRAM WILL CONTINUE UNTIL AN END OF FILE CONDITIGNY
PRINT$?IS ENCCUNTERED, !

PRINT.

PRINTH I *LIST SILSTATICONFIL FOR A TYPICAL DATA FILE,?

END

GPEN F$¢1s INPUT» GLD

CN ENDFILE (1) GOTC 1380

PRINT CHAR(12)

SLEEP 2

PRINT

PRINT

INPUT FROM 12TITSeNeM

PRINTH? CHI~-SQUARE CONTINGENCY TABLE.««'STITS

PRINT

DIM A(N» M)

MAT INPUT FRCM 1:A

NDFZ(N=1)%{M=1) ! NDF=DEGREES OF FREEDOM

IF NDF THEN 1150
PRINT#YOEGREES GF FREEDOM=0, PRGBLEM NGT EXECUTABLE. *
GCTG 1020
CS» GT=0
MAT TR=2(0)
MAT TC=(D).
FGR I=1 TG N
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1196"

1200
1210
1220
1230
1240
1250
' 1260
1270
1280
1230
1300

1310

13260
1330
1340
1350
1360
137

1380

FOR J21 TG M

TREDISTR(D +A( T )
TCLIZTCLII +ALT, )

GT=GT+A{ Io J)

NEXT WJo T .
PRINTJ*CELL?» YACTUAL !y * EXPECTED?
PRINT:

‘FCR I=1 TC N

i'FC-R_\J:_“J. TG M
E=TRCI)*TC(J) /6T _
PRINTIIS Y+ ' ATy ) E?

IF E<1 THEN PRINF'*' ELSE PRINT
KFACZA( I» JI=E

IF NDF=1 THEN KFAC= ABS(KFAC)-.S
CS=CS+KFAC*KFAC/E

NEXT Jr 1

PRINT3YCHI-SQUARE (YINDF:' D,F,.)
GCTC 1030 :

END

i

.

RCOW TGTALS
CCGLUMN TCTALS
GRAND TGTAL

Cs



5;LSTAT;LINREG

S
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440
i10
120
130
140
150
160
170
180
130

- 200

- 210

220
- 236

240
250

260
270

280

290
300
310
320
330
340
350
360
37
380
390
400
410
420

430

840

450
beo
470
480
430
500
510
520
530

540

550
560
570

580

PRINT ,

DIM X(1006)+» Y(10060)» T(10)

PRINT

PRINTy Yh¥kxx MCDIFIED 12/6/72 %kkkk?

PRINT

PRINT#® INPUT DATA FILENAME CR "EXP"™ FGR PROGRAM EXPLANATICNY ¢

INPUT F$ -
IF FSHYEXP! THEN 660

PRINT ‘

PRINT v

PRINTy "#kkxx PROGRAM 53LSTATILINREG sokskokk?

PRINT | ‘

PRINT##*THIS PROGRAM PERFCRMS A LEAST SQUARES LINEAR REGRESSIONS

PRINTI*ANALYSIS GN UP TG 1000 PAIRS OF BIVARIATE DATA. EITHER?®
PRINTH'THE INDEPENDENT(X) VALUES OR THE DEPENDENT(Y) VALUES GR?
PRINTH*BGTH MAY' BE TRANSFQRMED TC,LGBL10 OR INVERSE VALUES., '

PRINT#'(TYPE OF TRANSFORMATION DESIRED WILL BE REQUESTED BY INPUT)
PRINT B .
PRINTFI*DATA IS READ INTO THE PROGRAM FRGM A SEQUENTIAL TEXT®

PRI&T!'FILE IN EITHER OF THE FOLLCWING FORMATS (FORMAT TYPE!

PRINTI*ALSC REQUESTED BY INPUT, ) ?

PRINT ‘

PRINT# 3 *EITHER?

PRINTI 55O TITSs N*
PRINT!38'X(1)-X(2)v...vX(N)'
PRINTIFIYY (L) oY (2) paeer YIN)?

PRINT

PRINTH3"CR2 ¢

PRINTSFIVTITSINY
PRINT!!l'X(l)pY(l)vX(Z}vY(ZJr...rX(NloY(N)'
PRINT p

PRINT? *WHERE:

PRINTII'TITS
PRINT#S Y N
PRINTH?*X( )
PRINT#I'Y(T)

JOB TITLE"

NUMBER GF DATA PAIRS!

INDEPENDENT VARIABLE DATA' ,
CORRESPCNDING DEPENDENT VARIABLE DATA!

Hinn

PRINT## ¥ GUTPUT CONSISTS OF 3¢

PRINTHIS "L, THE REGRESSION EQUATION, *

PRINT#$112, THE STANDARD ERRCR OF REGRESSION, !

PRINTFIF'3, THE INDEX OF DETERMINATION, ' ,

PRINT#:#%'4, THE COEFFICIENT OF CORRELATIGN, *

PRINT##375, AN ANALYSIS OF VARIANCE TABLE, *

PRINT#75'6, THE MEAN, VARIANCE AND STANDARD DEVIATION FGR'
PRINTIF33'  BOTH ( TRANSFORMED) VARIABLES, *

PRINT#2§'7. THE STANDARD ERRCR AND 95% CONFIDENCE LIMITS FORY
PRINT# I3 BCTH REGRESSIGN COEFFICIENTS, !

PRINT . o : _
PRINT#3'YCU WILL THEN BE ASKED IF YOU WISH A LISTING OF VALUES, *

PRINTS*IN ANSWERs YOU WILL BE REQUESTED TG INPUTS?
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590
600
610
620

630

640

650
660
&7

680
630
700
710
720
730
740
750
760

r-T
P

780
790
860
810
820
830
840
850
860
870

880
830
200

210
320

330
4.0
250
960
970
380
330
1000
1010
1620
1030
1040
1050
1060
1070
1080
10720

PO 8702 900
PRINT | -
PRINTS #YADDITIONAL ANALYSES WILL BE PERFORMED If SUBSEQUENT DATA®

PRINT#'IN THE FILE IS IN THE PRESCRIBED FGRMAT, !

PRINT . - L
PRINT? #YLIST SPLSTATILINFIL FOR A TYPICAL DATA FILE, !

END
PRINT _

PRINTSYDATA TRANSFCGRMATION CODESS!

PRINTII70 ~ NG TRANSFGRMATIGN GF DATA®
PRINTII'L = V = LGGLO(V) Y

PRINTEI2 = V = {0 ,
PRINTHYENTER TRANSFORMATION CGDES FGR X, Y?:
INPUT TRXy TRY '

PRINT :

IF TRX>=0 AND TRY>=0 AND TRX<3 AND TRY<3 THEN 770
PRINTH? INPUT TWC CODES BETWEEN 8§ AND 2°¢
GOTG 720

PRINTSYFILE FORMAT:® .
PRINTI#'1 = ALL X VALUESs THEN ALL Y VALUES!
PRINT?#'2. = XY PAIRS?

PRINT#? *WHICH® ¢

INPUT TYP

PRINT

IF TYP=1 OR TYP=2 THEN 860

PRINT}*ENTER EITHER 1 OR 21

GOTC 810

PRINT} *WHEN ASKED "WHAT NEXT?" ENTER:S?

PRINTI}'O FOR NG LISTING GF X, Y=ACTUAL AND Y=CALCULATED!?
PRINTS#%1  FOR LISTING WITH CIFFERENCES AND % DIFFERENCES?
PRINTEF'2 FOR LISTING WITH 95% CONFIDENCE LIMITS OF YBAR?
PRINT##'3 FOR LISTING WITH 95% PREDICTION LIMITS FGR Y!
DATA 1.9599692.3?226r2e82248!2.55582!4.0625 '
DATA 12-706!4.303v3.18292;776!2.571v2.447v2.365r2.306v

2:.262¢2,228
READ A0» ALls A2y A3y AL

MAT READ T
DEF FNT(X)

REAL X

X=1/X ,
RETURN AQ+ X0k ( AL+ X4 { A24 Xk { AS+X%AL) ) )
END

CPEN FS$s1s INPUT» CLD
ON ENDFILE(1) GGTC 2160
PRINT CHAR(12)
PRINT
INPUT FROM 13TITS,N , o
IF N>1000 THEN PRINT!TGC MUCH DATA = 1000 PAIRS MAX.' ELSE 1070
END
DIM X(N)»Y(N) o
PRINTH *LEAST SQUARES LINEAR REGRESSION ANALYSISH
PRINT
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1106

1110
1120
1130
1140
1150
1160
1170
1180
1190
12060
1210
1220
1230
1240
1256

1260 . .
1270

1280
1296
1300
1310

1320

1330

1340
71350

1360
137

1380
1390
1400
1410

PRINTITITS
PRINT
PRINT
IF TyYP=2 rHCN 1150
MAT. INPUT FROM 1:X»Y
MXe MY» SX» SY» SC=0
FGR I=1 TC N
K=(I-1)/1 .
IF TYP=2 THEN INPUT FRCM 1:X(I)»Y(I)
IF TRX31 THEN X(I)=LOGLO(X(I))
IF TRX=2 THEN X(I)s1/%X( D)
IF TRY=1 THEN Y(I)=LGGLO(Y(I))
IF TRY=2 THEN Y(I)=1/Y(I)
KXZX( I)=MX
KYSY(I)=MY
MX=MX+KX/T .
MY=MY+KY/ I
 SXESXHKRKXKKX
SYZSY+KKKY®KY
SCTSCHKEKXKKY
NEXT I
SLOP'SC/SX _
Y INT=MY=SL GP%MX
RSA=SLOP*SC/SY
SSE=SY-~SLOPXSC
SSRZSY=SSE
MSEZSSE/ (N=2)
SAZSART (MSE* ( 1/ N+ MXkMX/SX) )
SB=SART(MSE/SX)
IF TRX=0 THEN X2%$='X's X1$2'%X?
IF TRX=1 THEN X2$5=VLCGLO(X) 'y XISETRT+ X2
IF TRX=2 THEN X2$=11/X', X1$=t/X?

~1420 IF TRY=0 THEN Y$=tyv

1430

1440
1450
1460
1470
1480
1490
1500
1510
1520

1530
1544
1550
1560
1570

1580

1590
1600
1610
16206
- 1630
1640
1650
1660
1670

IF TRY=1 THEN Y$='LGGLO(Y)?

IF TRYZ2 THEN Y$=t1/Y"

PRINTI 'REGRESSICN EQUATIONS teY$Sv=t3yYINT?

IF- SLGP>=0 THEN PRINT'+?:

PRINT SLGP'X1$

PRINT

PRINT} *NUMBER GF OBSERVAFIGNS"TAB(JO) Y= fIN

PRINT#*STD. ERRCR OF *3Y$3Y ON X'ITAB(30):'c 'ISQRT(MSE)
PRINT?# ' INDEX GF DETFRMINAFIGN"TAB(30)"* ' IRSQ

PRINT#YCCEFF, OF CORRELATION'STAB(30):'= "SGN(SLGP)*SQRT(RSQ)

PRINT - , '
PRINT , _

PRINTITSCURCE s st  SSYyTDF1,1 MG, v Fo

PRINT

PRINTS 'REGRESSION® » SSRs 1+ SSR» SSR/MSE

'PRINfi'RCSIDUAL'vaSE'N-ZvMSF

PRINT
PRINTFYTGTAL® s » SYs N=1

PRINT

PRINT

PRINTI'VAR.'r'MFAN'p'VARIANCF'r'SFD. DEV, ¢
PRINT

PRINT IN FGRM'8% 4B':X2%

PRINT MXySX/(N=1}»SGRT(SX/(N=1))

'PRINT IN FCGRM'8% 4B':Y%

305



ié80
16730
1700
1710
i720
1730
1740
1750
1760
1762
1764
1766
1768
1770
1780
1736
1800
1810
1820
1830
1849
1850
1860
1870
1880
1890
1200
1210
1520

1930

1940
1950
1960
1970
1980
1930
2000
2010
2020

2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2132
2134
2136
2138
2140
2150
2160

PRINT MY? SY/(N=1) s SQRT(SY/(N=1))
PRINT ,
PRINT .
PRINTs 'STD, ERRORY, '95% CONFIDENCE LIMITS®
IF N>12 THEN CLZFNT(N=2) ELSE CL=T(N=2)
PRINT _ ,
S1=SAr S2SYINT-CL*SAs S3I=YINT+CL%SA
IF TRY=1 THEN S2=10+S2, S$3=10+S3
IF TRY=2 THEN $2=1/S2, S3=1/S3 FLSF 1768 N
IF SGN(YINT)=SGN(S2) THEN S3$zSTR(S2) ELSE S3gmr PY
IF SGN(YINT)=SGN(S3) THEN S2$=STR(S3) ELSE S2s=t e
GCTC 177
SZ$=STR{S2} s SIFE=STR{S3)
PRINT??YINTCPTY,S15S2%.S%$ o
PRINTS ? SLOPE? p SBe SLOP=CL%*SBp SLOP+CL%SB
PRINT
PRINT
PRINT? *WHAT NEXT?:
INPUT AN '
IF ANZ=0 THEN 1020 _
DG 102091030»1380311aqa145021g5qJ,
PRINT» ? X ACTUAL Y0 ' Y=ACTUAL? 5 ¥ Y=CALC? s
CN AN GOTC 1910 1890
PRINTY35% PREDICTION LIMITS®
BCOTC 1920
PRINTYI5% CONFIDENCE LIMITS?
GGTC 1920
PRINTYDIFFERENCEY »  PERCENT? )
PRINT
FCR I=1 TGO N
YC=YINT+SLOP%X( 1)
Xt=X(1) :
IF TRX=1 THEN X1=10-X1
IF TRX=2 THEN X1=1/%1
Yi=¥{D e Y2=YC
. IF TRYZ1 THEN Y1=10~Y1ls Y2210-Y2
IF TRY=Z2 THEN vYi=i/Yi, Y2=1/Y2
PRINTe X1s Y1o Y20
ON AN GGSUB 2050, 2080 2100
NEXT I ’
GOTC 1790
QIF=Y1i-Y2 ..
PRINT DIF,100%DIF/Y2
RETURN . .
L=SARTIMSER { 1/N+ ( X 1) =MX) ~2/SX)} ) %CL
GOTC 2110 . ,
LESARTIMSER (141 /N+(X{ 1) =MX) ~2/SX) ) #CL
YL=YC=Ls» Y2ZYC+L , :
IF TRY=1 THEN Y1=10~Y1s Y2210~Y2
IF TRY=2 THEN Y1=1/Y1, Y2z=1/Y2 ELSE 2138
IF SGNIYCI=SGN(YL) THEN Y2$=STR(Y1) ELSE yas$zv 2y
IF SGN{YC)=SGN{Y2) THEN Y1$=STR(Y2) ELSE Y1g=tp?
GOTC 2140 _ )
Y1I$=STR(Y1)e Y2%=STR(Y2)
PRINT Yi1$rY2$
RETURN
FND
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i . PROGRAM LISTING FOR

: _ 5; LSTAT; STPREG

H L




COPY %STPREG TO TEL TEXT

800 PRINT _ |
900 PRINTs Ykkkkk MODIFIED Z2/27/73 kvkkx?
950 PRINT

B AR

SRR

1000 DOUBLE @ y
1010 PRINT}"DATA FILENAME OR 'EXP' FOR PROGRAM INFORMATIGN™:
1020 INPUT Fs '
1030 PRINT

1040 IF FS='EXP' THEN 1140 | :
1050 PRINT$3"A WORK FILE 'Y$REG' HAS BEEN CREATED FOR USE ‘BY THIS®

1060 PRINT}*PROGRAM, DELETE THIS FILE WHEN COMPLETED WITH THIS RUN,"

by

SR

1065 PRINT

1070 PRINT}*JOB TITLE®:

1080 INPUT HEDS ‘ &

1090 HED$SZ"t"+CHAR(12)4" ¢ //6BYSTEPWISE MULTIPLE L INEAR RﬁGRESSLQNJ"
+"// /6RYVLHEDS 4T Y S o/ RE e - ’ S U BEIE  E

1100 Q=2 ' : h RS ie SRR

1110 OPEN '&REG',1,RANDOM,BINARY e .

1120 PRINT ON 1 AT 1:HEDSF$,Q

1130 LINK *SILSTATICORRES

1140 PRINT CHAR(12)

1150 PRINT o :

1160 PRINTy vkkdkkk PROGRAM SILSTATISTPREG skdeks?

1170 .PRINT ‘

1180 PRINTIIVTHIS STEPWISE MULTIPLE LINEAR REGRESSION ANALYSIS IS Atv

1190 PRINT3I*SYSTEM OF SIX BASIC BINARY PROGRAMS WHICH ARE LINKED IMN A*

1200 PRINT#: YMANNER WHICH ALLOWS THE USER SOME CONTROL, OF THE DFEPTH OF¢

1210 PRINT#3YANALYSIS, . THE OUTPUT IS SIMILAR TO THE UNIV, OF CALIF,?

1220 PRINT:;'BMDO2R OR CSD STSO10 COMPUTER PROGRAMS, ¢ '

1230 PRINT -

1240 PRINTIHITPRIOR TO LINKING THIS PROGRAM, PREPARE A DATA FILE IN?

1250 PRINTI3?THE FOLLOWING FORMAT:®

1260 PRINT

1270 PRINTo *X(191)sXl1p2VpoparX{1pM)?¥

1280 PRINT»*X(2p1)eX(202)00uer X(2pM)?*

1290 pRINT!'--o.‘o--o-oouopouocn-not'

1300 PRINTp *X{Nr1) o XINP2)Y v geor X(N,M)?

R VTR

1310 PRINT ‘ _
1320 PRINTI3"WHERE X(IsJ) = DATA FOR THE I'TH OBSERVATION AND THE®
1330 PRINT#;™ J'TH VARIABLE,"

1340 PRINT -

1350 PRINTH#;YUPON LINKING 53LSTATISTPREGs YOU WILL BE REQUESTED T0Y
1360 PRINT}}YINPUT THE DATA FILE NAME, AT THIS TIME, A BIMARY WORK?
1370 PRINTHINFILE, 'SREG's» WILL BE CREATED WHICH MUST BE DELETED (IN®
1380 PRINTHI¢*THE EXECUTIVE) BEFORE LINKING THIS PROGRAM (OR ANY REG-+
1390 PRINT#3YRESSION PROGRAM IN 5ILSTAT WHEN CONVERSION IS COMPLETE) !
1409 PRINTIFTAGAIN, AN EXCEPTION TO THIS WILL BE EXPLAINED LATER, !
1410 PRINT '

1420 PRINTHI:*ALTHOUGH LINKING TO THE VARIOUS PROGRAMS IS AUTOMATIC, !
1430 PRINTIE*THE INPUT REQUIRED AND THE OUTPUT FROM EACH PROGRAM WTL|. !
1440 PRINT#$'BE EXPLAINED., THIS WILL ALLOW THE USER TO ENTER AT THE®
1450 PRINT}#'PROPER POINT IF AN ANALYSIS IS PREMATURELY ABORTED. !

1460 PRINT

1470 PRINTFISPFOUR OF THE SIX PROGRAMS ARE (OR WILL BE) COMMON TO AL
1280 PRINTS: P5ILSTAT REGRESSION SYSTEMS. EXPLANATIONS OF THESE FOURS
1490 PRINTI *PRNGRAMS MAY BE OBTAINED BY THE EXECUTIVE COMMANDS !

1500 PRINT ;
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1510
15185,
1520
1530
1540
1550
1560
1570
1580
1590
1600
1615
1620
1630+
1640
1641
1642
1644
1645
1646
1647
1650
1660
1670
1680
1690
1700
1710

1720
1730
1740
1750
1760
1770
1780
1790
1791
1792
1793
1794
1800
1810
1820
1830
1840
1850
1860
1870
1880

- 18930

1900
1910
1920
1930
1931
1932
1933
1934
1935

PRINT/ % COPY 5:LSTATIREGEXP TO TEL TEXTe"

PRINT
PRINT -
PPTNTI!?'THE SEQUENCE. OF PROGRAMS ARE EXPLAINED BELOW??

.

PRINTI 1#53LSTATISTPREG?

PRINT -~ : -

PRINT$ 13 *THIS PROGRAM REQUESTS THE DATA FILENAME AND JOB TITLE,
PRINTI #MIT OPENS *$REG' AND ENTERS THE FILE NAME, HEADING AND™
PRINTI 3 AN IDEMTIFICATION THAT THIS IS STPREG INTO THE WORK FILE.!
PRINTI#AIT THEN LINKS TO 53LSTATICORRE,

PRINT

PRINTH ! ¥53LSTATICORREY

PRINT &7

PRINT#3#* (EXPLAINED IN S3I.STATIREGEXP) - REQUESTS THE NUMBER OF ¢
PRINT#: *VARIABLES AND IF A ZERO REGRESSTION INTERCEPT IS TO BEY
PRINTS; *FORCED, IT ALSO ALLOWS THE USER TO LABEL EACH VARIABLE.?
PRINT .-, _

PRINT 3 ¥*PRINTS THE MEANS, VARIANCESs STANDARD DEVIATIONS AND AY
PRINT$ 3 "CORRELATION MATRIX, ENTERS THIS DATA INTO '$REG®' AND "
PRINT?:fLLINKS TO SILSTATISTR2,?

PRINT

PRINT3# 'SILSTATISTD2

PRINT . '

PRINTF#3'THIS PROGRAM PERFORMS THE ACTUAL STEPWISE REGRESSION, !
PRINT}!*IT COMPUTES A SERIES OF REGRESSION EQUATTIONS IN STEPS,*
PRINT#: *AT EACH STEPs ONE VARIABLE IS ADDED OR DELETEDs, ACCORDING!

PRINT!E'TO THE CONTROL DATA INPUT AT THE BEGINNING OF THIS PROGRAM

PRINT , ‘ )
PRINTI!!'BEFORE ACTUAL COMPUTATION BEGINSs THE FOLILOWING CONTROL.*
PRINT?3*INFORMATION IS REQUESTED BY INPUT:?
PRINT : o
PRINTI1; *F~RATIO FOR ACCEPTANCE OF A VARIABLE IN REGRESSION, !
PRINT# I 'F=RATIO FOR DELETION OF A VARIABLE FROM REGRESSTION, !
PRINT$: 7 *MINIMUM TOLERANCE FOR ACCEPTING A VARIABLE,*
PRINT
PRINTI:: *DEFAULT VALUES (OBTATINED BY ENTERING "0"™) FOR THEY
PRINT} : 3 *ABOVE THREE VALUES ARE .01+ ,005 AND .001°
PRINTS 3 '"RESPECTIVELY, ?
PRINT N N
PRINTHIIYIN ADDITIONs CONTROL VALUES FOR EACH VARIABLE MUST HE*
PRINT?? *TNPUT AS FOLILOWSS
PRINT - S
PRINTS$3'0 « DFLETE VARIABLE FROM ANALYSIS.!
PRINT# 3371 « DEPENDENT VARTABLE = ONLY ONE ALLOWED?
PRINT#13 %2 = FREE VARIABLE ~ MAY BE USED IN THE ANALYSTS,!
PRINTI 13 TO 9 = FORCED VARIABLES = LOW TO HIGH LEVEL,*
PRINT -
PRINTH§:tA FREE VARTIABLE WILL BE ENTERED OR DELETED FROM REG-?
PRINTS!'RESSION BASED ON THE PARTIAL. F=RATIO AND TOLERANCE, A
PRINTS 3 *HIGH LEVEL FORCED VARTABLE WILL BE ENTERED INTO REGRES-?
PRINTI?'STON FIRST AND REMAIN IN REGRESSION, LOWER LEVEL FORCED?!
PRINT#$ YVARTABLES WILL ENTER REGRESSION ACCORDING TO LEVEL,?
PRINT
PRINTS 3 3 *THE NUMBER OF STEPS WHICH MAY BE REQUIRED FOR COMPLETE®
PRINT# 3 *ANALYSIS WILL THEN BE PRINTED, THE USER MUST INPUT THE?!
PRINTH # YNUMBER OF STEPS HE WTL1. ALLOW WHICH SHOULD BE LESS THAN!
PRINT}S; 'OR EQUAL TO THE PRINTED VALUE.!
PRIMNT: :
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1940
1950
1960
1970
1980
1990
2000
» T

2010
2020
2030
2040
2050
2060

2070
2080
2090

2100

2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
23590
2400
2410
2420

PRINTH 5 10UTPUT AT EACH STEP CONSISTS OF THE CONTROL TNFORMATION,
PRINT##YTHE VARIARLE ENTERED OR DELETED, THE MULTIPLE CORRELATION®
PRINT 7 *COEFFICIENT, THE STANNARD ERROR OF THE ESTIMATE AND AN
PRINTS I YANOVA TABLE,* : _

PRINT :

PRIMT}3:i*FOR EACH VARIABLE IN REGRESSION, THE COEFFICTEMT,

PRINT} *STAMDARD ERROR» T-VALUE, BETA COEFFICIENT, PARTIAL F-RATIO

PRINTE*AND CONTROL VALUE WILL BE PRINTED, IF ZERO REGRESSTION ¢
PRINT?; * INTERCEPT IS NOT REQUESTED, THEN THE INTERCEPT WX,
PRINT} *ALSO BE PRINTED,! :

PRINT - :

PRINT?} #*FOR EACH VARIABLE NOT IN REGRESSIONy THE PARTIAY. CORRE] —-v
PRINTH:*LLATION COEFFICTIENT, TOLERANCE, PARTIAL F=RATIO AND CONTROL

PRINT#3*VALUE WILL BE PRINTED,?
PRINT y : -
PRINT3 3 'UPON TERMINATION OF ENTERING AND DELETING VARIABLES, DEP-

PRINT$ *ENDING ON THE CONTROL VALUES ENTERED, A SUMMARY TABLE WILL

PRINT#: *BE PRINTED LISTING» BY STEP, THE VARIAHLE ENTERED OR?
PRINTHI'DELETED, THE MULTIPLE CORRELATION COEFFICIENT, STANDARDS?
PRINT# I 'ERROR, F=-RATIN AND NUMBER OF VARIABLES IN REGRESSION, *
PRINT

PRINTH? :*THE USER WILL. THEN BE ASKED IF HE WISHES A RESTDUAL *
PRINT# 3 *ANALYSIS, TIF "YES" IS ENTERED, STP2 WILL ENTER THE
PRINT} 3 "NECFSSARY INFORMATION IN fSREGY AND LINK TO S3LSTATs"
PRINTH#'RESID, IF "NO" THEN THE PROGRAM WILL LINK TO S3LSTAT:®
PRINT$3 *REGXFER, *

PRIMNT

PRINTII'SILSTATIRESID?

PRINT

PRINTH 33" (EXPLAINED IN S53LSTATIREGEXP) - PROVIDES A LISTING DF ¢

PRINT}:*ACTUAL» CALCULATED, RESIDUAL AND NORMAL DEVIATE RESIDUAL*
PRINTJ: *VALUES. MUST BE RUN PRIOR TO SILSTATIREGPLT.?*

PRINT : ‘

PRINT: 3 '53LSTATIREGPLT?

PRINT

PRINTHE; ' (EXPLAINED IN 53LSTATIREGEXP) ~ PROVIDES RESIDUAL AND®
PRINT#: *SCATTER PLOTS FOR EACH VARIABLE IN REGRESSIONs THE UDEPEN-t
PRINT# ¢ YDENT VARIABLE AND CALCULATED VALUES,?!

PRINT

PRINT!B'SFLGTATIREGXFER'_

PRINT . ,

PRINT}?: Y (EXPLAINED IN SILSTATIREGEXP) -~ ALLOWS RUNMING ¢
PRINT#? ;. YANOTHER PROBLEM USING THE SAME DATA FILF OR ENTERING?
PRINT##YANOTHER DATA FILE FOR ANALYSISs BOTH'WITHOUT DELETING!
PRINT3I"*$REG's OR FOR TERMINATING THE EXECUTION,™

PRINT : :

PRINT; #1YNOWs GO TO THE EXEC AND COPY 5ILSTATIREGEXP FOR At
PRINT} i *MORE COMPREHENSIVE EXPLANATION OF THE FOUR GENERAL ¢t
PRINT?: 'PROGRAMS, *
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COPY REGEXP TO TEL TEXT

ﬁg**¥¥¥**¥*¥ BFLSTATFCORRE sk sokokokokskoiok

THIS PROGRAM CALCULLATES THE MEANSs VARIANCES AND STANDARD
DEVIATIONS FOR EACH VARIABLE AND A CORRELATION MATRIX,

REQUEQTED INPUT CONSISTS OF THE NUMBER OF OBSERVATIONS
AND IF A ZERO REGRESSION INTERCEPT IS DESIRED (SUCH AS FOR
QOLUTION OF SIMULTANEOUS EQUATIONS).

THE - USER IS ALLOWED TO LABEL EACH VARIABLE WITH A CHARACTER
SET OF NOT MORE THAN TEN CHARACTERS, THIS LABEL WILL BE USED TO
IDENTIFY THE VARIABLES (IN ADDITION TO NUMBER) IN ALL SUCCEDING
PROGRAMS,.

IF A ZERO REGRESSION INTERCEPT IS REQUESTED, A WARNING THAT
ALL. VARIANCES, STANDARD DEVIATIONS AND CORRELATIONS ARE CALCULATED
ABOUT THE ORIGIN RATHER THAN ABOUT THE MEAN IS PRINTED.

THE MEANS- VARIANCES AND STANDARD DEVIATIONS FOR EACH VARTABLE
AND THE CORRELATION MATRIX IS THEN PRINTED AND THE PROGRAM LINKS TO0O
THE PROPER REGRESSION ANALYSIS,

?5********** SILSTATIRESID Hokkskkwrohnk

THIS PROGRAM CALCULATES AND PRINTS THE ACTUAL AND CALCULATED
VALLUE OF ‘THE DEPENDENT VARIABLE, THE RESIDUAL (ACTUAL — CALCULATED).,
AND THE RFQIDUAL NORMAL. DEVIATE FOR EACH OBSERVATION,

IT THEN PRINTS A HISTOGRAM OF THE RESIDUALS (NORMAL. DEVIATES)
AND TESTS THE UPPER AND LOWER EXTREME RESIDUALS BY THE DIXON
CRITERION. FOR QUTLIERS. IF THE NUMBER OF OBSERVATIONS IS 30 OR
LESS, THE CRITICAL VALUE (ALPHA = ,10) IS PRINTED,

THE THREE LOWEST RESIDUAL VALUES AND THE THREE HIGHEST
RESIDUAL VALUES ARE THEN PRINTED ALONG WITH THE OBSERVATION
NUMBER,

THE éROGRAM THEN REQUESTS A 'YES' OR 'NO' INPUT TO THE USER'S
DESIRE FOR PLOTS, IF *YES' IS INPUTs THE PROGRAM LINKS TO SILSTAT}
REGPLT. TIF *NO' IS INPUTs THE PROGRAM LINKS TO 53L_STATIREGXFER,

?*****x**** SILSTATIREGPLT sk ks sk

THIQ;PROGRAM PROVIDES 5v X75" PLOTS IN THE FOLL.OWING ORDER:
RESIDUAL% {Y=-AXIS)Y VS OBSERVATION NUMBER
_ . VS CALCULATED VALUES
" ' VS EACH VARIABLE IN REGRESSION
(INCL. DEPENDENT VARIABLE)

THE bEPENDENT VARIABLE THEN BECOMES THE Y=AXIS VARIABLE AND -
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THE CALCIN ATED VALUES REPLACE_THE DEPENDENT VARIABLE IN SEQUENCE
OF VARIABLES IN REGRESSION,

5" X 5" SCATTERPLOTS ARE THEN PRINTED FOR EACH VARIABLE 1IN
REGRESSTON AND THE CALCULATED VALUES ALONG THE X=~AXIS VS THE
DEPENDENT VARIABLE ALONG THE Y-AXIS,

THE PROGRAM THEN LINKS TO 53LSTATIREGXFER

*okkkgrkkkk BILSTATIREGXFER ook okt ok ko

UPON ENTERING THIS PROGRAM, THE USER IS ASKED IF HE HAS ANOTHER
PROBLEM USING THE SAME DATA FILE, IF 'YES® IS INPUTs S53LSTATICORRE
IS BYPASSED AND THE PROGRAM LINK DIRECTLY TO THE PROPER REGRESSINN
ANALYSIS PROGRAM,

IF 'NO' IS INPUT, THE USER IS ASKED TO INPUT A NEW DATA FILE
NAME OR 'STOP' TO END THE SESSION. IF A NEW DATA FILE NAME IS INPUT,
THE PROGRAM PERFORMS THE SAME STEPS AS THE INITIAL PROGRAM AND
THEN LINKS TO SILSTATICORRE,

IF *STOP' IS INPUT, A REMINDER TO DELETE $REG IS PRINTED AND
THE PROGRAM ENDS,
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'::QUTT . , K | B
-CoPY %CQRRE TO TEL TEXT

1000 DEFAULT DOUBLE ‘

1010 OPEN *®REG'y2,BINARY»RANDOM, 10, 0LD

1620 INPUT FROM 2 AT 1:HED%sF%,»TYP

1030 OPEN F%s19 INPUT,OLD

1040 ON ENDFILE(1) GOTO 1390

1050 PRINTITNUMBER OF VARIABLES?:®

1060 INPUT P

1670 DOUBLE A(PsP)sB(P),S(P)sU(P)

1080 STRING Ls(P) . o ‘
1090 PRINT#*FORCE ZERO REGRESSION INTERCEPT (YES OR NO)':
1100 INPUT ANS )

1110 IF ANSZ'YES' THEN YINT=0 ELSE YINT=1

1120 PRINT
1130 PRINTI*LABELS<=10 CHAR., (ENTER NUMERIC "0" FOR BLANK)S®
1140 FOR Izt TO P
1150 PRINTILIX(PETS®Y = v
1160 INPUT LS$(T)

1170 IF LENGTH(L$(I))<11 THEN 1190 ELSE PRINT:
TTOO MANY CHARACTERS = TRY AGAINY

1180 GOTO 1150

1190 IF LS(I)=10Y THEN LE(I)=" ¢

1200 NEXT I

1210 PRINT IN FORM HED®%!
1220 IF YINT THEN 1310
1230 MAT :INPUT FROM 1y

1240 N=N+1 1
1250 FOR I=1 TO P -~
1260 BAIYSBIT)+(UITY=B(I)) /N
1270 w FOR J=1 TO 1
12890 LOALTPISALT, D HU(T Y %U(J)
“1290 NEXT JeI - '

- 300 GOTO 1230

1310 MAT INPUT FROM 13U

1320 N=N+1s NN=(Ne1)/N

1330 FOR I=1 TO P

1340 HIDY=UCDH=BIIYe BIIY=B(I)+U(I) /N

1350 . FOR J=1 TO I
1360 SOACTe )AL, JY+NNRU( T Y U ()
1370 NEXT JpT

1380 GOTO. 1310 ) :

- 1390° PRINT IN FORMM6BYNUMBER OF OBSERVATTONS'6%/68'NUMBER OF
'VARIABLESY9%/6BYFORCE ZERO INTERCEPTYA%///™SN,P s ANG

1400 IF YINT THEN 1440 ELSE PRINTS}

: "WARNTNG, . ,WHEN A 2ERO REGRESSION INTERCEPT IS REQUESTED®

1410 PRINT, #* ALL. VARTIANCES, COVARIANCES, STANDARD DEVIATIONS, ¢

1420 PRINT,#* AND CORRELATIONS ARE COMPUTED ABOUT THE ORIGINY
1430 PRINTs#' RATHER THAN ABOUT THE MEAN., *
1440 PRINT IN FORM"/7@B o
- "VARTABLE*11BYMEAN'RB'VARIANCE '8B1STD, DEV, t//"s
1450 M=N~YINT, PROB=0

1460 FOR I=1 TO P '
1470 SD2=A(Is 1) /My SUI)=SARTISD2)s A(I,T1=1

1480 PRINT IM FORM®11% 3% S(10%eS%) /1 ILS(TY»IoBIT)+SD2,S(T)
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1490 FOR J=1 TO 1-1

1509 A(duI)~A(Ivd)/(M*S(I)*S(d))

1510 NEXT Jp1

1520 PRIMT IN FORM"//GB'CORRELATION MATRIX'/"‘
1530 FOR I=1 TO P

1540 PRINT

1550 PRINT$1'ROW 31

1560 PRINT: 3

1570 FOR J=1 TO I

1580 PRINT IN FORM'4%, 5%"A(dr1)

1590 IF NOT (J MOD &) OR JU=I THEN PRINT ELSE 16190
160n IF JHI THEN PRINT3:}

1610 NEXT JsI

1620 PRINT ON 2 AT 2:PyN»YINT,PROB
1630 MAT PRINT ON 2 AT 3:A

1640 MAT PRINT ON 2 AT 4:L%,B,S
1650 ON TYP GOTO 1660,1670

1660 LINK 'SILSTATIMULDY

1670 LINK t5ILSTATISTP2¢
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eopy

10600
1010
-1020
1030
1040
1050
1060
1479
1080
10G0

1100
1110
1120
1130
1140
1150
‘1160

1170
1180
1190
1200
LT210
“1220
1230
1240
1250
1260
1270
1280
1290
1300

1302
1304
- 1306.

1310
1320

1330

T 1340
1350
- 1360,
1370

1380

1390
1400
“1410

1420

1430’

C1uugt

: 14%0
140

%$TP2 TO TEL TEXT

DEFAULT DOUBLE
OPEN '$REG'),1,10yRANDOMs BINARY,OLD
INPUT FROM 1 AT 1!HED%
INPUT FROM 1 AT 2:PyNsYINTsPROB
DOURBLFE A(PeP)sBIP)»S(P) s BETACOIP) s SUMI2%P o4 ) »C(P) »UIP)
STRING L$(P)
MAT INPUT FROM 1 AT 3:A
MAT. INPUT FROM 1 AT 4:L%,B,S
PROB=PROB+1s M=N=YINT
PRINT IMN FORM®"/%//3B¢CONTROL DATA FOR PROBLEM NO, '3%/ /"
CHAR {12} »PRORB
PRINTHYF~LEVEL. FOR INCLUSION (0=,01)¢¢
INPUT FIN
IF FIN<=0 -THEN FIN=z.01
PRINTI *F=LEVEL FOR DELETION {0=,005)":
INPUT FOUT .
IF FOUT<=0 THEN FOUT=,005
IF FINCKFOUT THEN PRINT# *F~IN < F=0UT - TRY AGAIMN®
ELSE 1180
GOTO 1100 '
PRINT} * TOLERANCE LEVEL (0=.001) 1
INPUT TOL ‘
IF ToL<=0 THEN TOoL=,001
PRINT ,
PRINT?'VARIABLE CONROL VALUES?
PRINT#}'0 ~ DELETE VARIABLE FROM ANALYSTIS?
PRINT#1'] - DEPENDENT VARIABLE?Y
PRINT#:12 - FREE VARIABLE - MAY BE USED IN ANALYSIS?
PRINT$#¢3 TO 9 -~ FORCED VARIABLE = LOW TO HIGH LEVEL?
PRINT ;
DsQsSTP,CNT=0
PRINT} 'CONTROL VALUE FOR:
FOR I=1 TO P
“OFOR J=1 TO I-1.
ACT, dlvA(doI) ‘
“NEXT J : E
PRINT IN FORMMI1% 3%y = sws|g(I),]
INPUT C(1})
JIF C{IV>=0 AND C(I)<=9 THEN 1350 ELSE PRINT#$;
.- “PINVALID VALUE - TRY AGAIN'
“GOTO 1310
ON C(IY+1 GOTO 1420, 1380
CNT=CNT+1
GOTO 1430

IF D THEN PRINT!IS'ONLY ONE DEPENDENT VARIABLE ALLOWED®:

' START OVER' EL.SE 1400
GOTO 1280

D=1, SqT‘M*SfD)‘Z

GOTO 1430

IF D ‘THEN 1460 ELSE PRINT:

'NO DEPENDENT VARTABLE SPECIFIED = TRY AGAIN?Y
GOTO 1280
IF- CNT THEN 1480 ELSE PRINT!?F
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*NO INDEPENDENT VARIABLES SPECIFIED -~ TRY AGAINY
1470 GOTO 1280
1480 PRINT | - |
1490 PRINT} 'THIS PROBLEM MAY REQUIRE UP TO '2p%CNT: L e
' STEPS TO SOLVE,! - e e
1500 PRINT ’ ~ B
1510 PRINT}'ENTER THE MAXIMUM NUMBER OF STEPS DESIRED FOR SOLUTIONY:
1520 INPUT DFLT -
1530 STP=STP+1
1540 IF M=Q THEN 1610 |
ELSE VOUT=(FOUT*A(DsD) )/ (M=Q)=7s VKZVOUT+9

1550 FOR I=1 TO P

15éen IF C{I)<1 THEN TEST=C(I)=A(I,D)=2/A(1,I) ELSE 1580
1570 IF TESTKVK THEMN VK=TEST, K=T

1580 NEXT 1

1590 IF VKSVOUT THEN. FLAG==1, C(K)}=C(K)}+9 ELSE 1510
1600 GOTO 1690
1610 VINS(FIN¥A{DyD) )/ (FIN+M=B=1)+2, VK=VIN-9

1620 FOR I=1 TO P : -

1630 IF C(IY>1 AND A(I+Y)>=TOL THEN TEST=C(IV+A(T D) ~2/A(1,1)
ELSE 1650 o

1640 IF TEST>VK THEN VK=TESTy K=1

1650 NEXT I :
1660 IF VK>IZVIN AND M=Q=3+C(K)>0 THEN 1680 ELSE PRINT IN FORM"//gR
F-LEVEL OR TOLERANCE TNSUFFICIENT FOR FURTHER COMPUTATION, * /v

1670 GNTO 2080
1680 FILAG=1» C(KY=C(K)=O
1690 AKKZA(K)K)» UIKIZ=FLAGy A(K,K)=0

1700 FOR I=1 TO P

1710 IF I<KK THEN U(IY=A(TIeK)e A(T+KI=O
1720 IF I>K THEN (I(IY=AtKsI)y» A(KsI)=D
1730 NEXT T

1740 FOR Jz=1 TO P

1750 FOR I=1 TO J

1760 AtTeJYp AU TISA(T o D) =U(T)Y*U(J) ZAKK

1770 NEXT TI,J
1780 PRINT IN FORM HED%$ R
1790 SIM(STPy1)=K«FLAGr Q=Q+FLAGsr DF=M-Q, SS=SSTXA(DYD)Y »
RSG=5ST=-SSe RMS=RSS/Q -
1800 IF DF THEN MS=SS/DF ELSE MS=0
1810 IF MS THEN SUM(STP,4},F=RMS/MS, SUMISTP»3) s SE=SORT (MS)
ELSE SUM(STP4)»FySUMISTP»3), SE=D
1820 SUM{STP,2) sR=SQRT(1=A(DsD))» SUM(STP»3) » SE=SQRT (MS)
- ALPHZIB(D)Y» A%,Bezv v
1830 IF LS(D)ITAS THEN 1850 ELSE A=t ('40L%(D)}+v)?

- 1840 AS=AS+SPACE(1R=LENGTH(AS)Y )

1850 PRINT IN FORM"6BYPROBLEM NUMBER'10% 1RB*F TO ENTER'O¥%.5%/
6BY'STEP NUMBER'13% 18B*'F TO REMOVE*8%,5%/AB*DERPENDENT
'VARIABLE'6% 18%*'TOLERANCE LEVEL'4%.5%//":PROBy»FIN,
STP»FOUTeDsAss TOL ‘

1860 IF FLAG=1 THEN F$='ENTERED' ELSE F$='REMOVEDY

1870 IF L$(K)=B% THEN 1890 ELSE B$=t (V4L S(K)+?)?

1880 B$=R%+SPACE(15=-LENGTH(B%) )

1”90 PRINT TN FORM"6BYVARTABLE'2(8%) 15%/6BYMULT, CORR, COEFF,!
6%, 5%/6A'STD, ERROR EST 0%, 5%///"F%)KsB%kyRySE

1900 PRINT IN FORM®34B+ANOVA TABLE*//23B'DF*6R'SUM OF S@,°
8B *MFE AN SQ.'QB'F-RATIO'//6B'REGRESSION'°% 3(10%,5%)y /6B
'RESTDUAL'11% 2(10%.5%) /6B TOTAL Y14% 10%5%///"2Q,RSSy
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RMSyFyDF ySSeMS M, SST

1910 PRINT IN FORMw28B*VARIABLES IN REGRESSION?Y//6B 1 VARTIABLE "
LBYCOFFFICIENT'88'STD, COMPUTED BETA F=0UT TYP?
/36B'ERROR T~ VALUE  COEFF,t//m:

1920 FOR I=1 TO P o

1930 TF CtIY>0 THEN 1950 ELSE BETA(II=A(I»DY*S(D)/StT)

1940 IF YINT THEN ALPH=ALPH=BETA(T)*B(I)

1950 NEXT I

1960 IF YINT THEN PRINT IN FORM"S5B* INTERCEPT'O%,5% /% A{ PH

1970 . FOR I=1 TO P

1980 TF C(T1)>0 THEN 2010 ELSE VS=SE/S(I)*SQRT(ABS(A(IsT)) /M)
1990 IF VS THEN CTV=BETA(I)/VS, FRAT=CTVa2

- “ELSE CTV,FRAT=0

2000 PRINT IN FORM"1lx 3% O%,5% 6%.5% B 2(5%.3%)28 #.6# P70

TOVKY) /LS (T) s ToBETA(I) pVS»CTV,BETACT)*S(T)/S(D),
FRAT,C(T})+9
2010  NEXT I _
2020 IF Q=CNT THEN 2060 ELSE PRINT IN FORM"™//23BtVARIABLES NOT IN °
, 'REGRESSION'//6BYVARIABLEY6B*PART, CORR. TOLERANCE®  F-IN?

, BRITYPY /0
2030 FOR I=1 TO P : ,
2040 "IF C(IY>1 THEN PRINT IN FORMMI1& 3% 10%.5% B%,3% 38

HebBH POIT('%1) '/ LS(T) s IsALTID)/SARTCA(I»I)*A(DSD) ),
ALTeT) pAtToD) ~2%IM=@=11/(ALToT)%A(DsDY=A(T,D)~2),C (1)
2050 NEXT T .
2060 IF STP<DFLT THEN 1530 ELSE PRINT IN FORM"//6B
'DEFAULT VALUE REACHED = COMPUTATION TERMINATED,t/®s
2070 STP=STP+1
2080 PRINT IN FORM HED%$: ,
2090 PRINT IN FORM"3ZBYSUMMARY TABLE®//7B'STEP'8BYVARIABLE
GRIMULT,. 'BBYSTD. Y10B'F6BINO, IN' /6B *NUMBER Y58 t NAME !

r IN ouT CORR, *7BYERROR'8B'RATIO REG,*//":
2100 TOT=0 .
2110 FOR I=1 TO STP-1
2120 NS=SUM(Ts1) s TOT=TOT+SGN (NS)
2130 IF NS<O THEN Ag=' v, NS=-NS, B$=STR(NS)
ELSE ASSSTR(NS)» Rex=r ¢ ‘ _
2140 PRINT IN FORM?10% 11% 2(4%) 3%,5% 2{7%45%) Tx/e

IrLSINS) »AS/BE»SUMITI2) ySUMII3) s SUMIT o) TOT
2150 NEXT I -
2155 PRINT ON 1 AT 22PNy YINT,PROB
2160 PRINT IN FORM"/////6B'RESIDUAL ANALYSIS (YES OR NOjt*e
2170 INPUT ANs ' ) .
2180 IF ANSZYNOY THEN LINK  t5)L_STATIREGXFER ¢

2190 FOR T=1 TO P S
2200 IF C{IY>0 THEN BETA(I)=p
2210 NEXT T

2220 IF YINT THEN BETA(0)=ALPH ELSE BETA(0)=p
2230 TOT==INT(=TOT/3)

2250 PRINT ON 1 AT 5:D,MS,TOT

2260 MAT BRINT NN 1 AT 6:BETA

2270 LINK YS3LSTATIRESID®
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COPY %RESID TO TEL TEXT

1000
1010

lo20
1030
1040
1050
1060
1070
19080
1090
1100
1110

1120

1130
l1iao0

1150

1160
1170
1180
1190
1200
1210

1220
1230

1240
1250
1260
1270
1280
1290

1300

1310
1320
1330
1340
1350
1360
1370
1380

1390
1400
1410
1420
1430
14uap
1450
1460

1470

DEFAULT DOUBLE
OPEN Y$REG? 2, 10, RANDOMy BINARY, INPUT »OLD

INPUT FROM 2 AT 1!HEDS»F$»TYP
INPUT FROM 2 AT 2: PeN» YINT»PROB
INPUT FROM 2 AT S:DyMS,TOT
DOUBLE R{0: P)rR(N)vA(E'E)!NA(2r3)vMM(Pv?)'@(P)rRD(SU,
STRING LS(P)YsHS{TOT)
MAT INPUT FROM 2 AT 43iL%
MAT INPUT FROM 2 AT 6:!B
~ FOR I=1 TO P _
IF B(I) OR I=D THEN As="' '4+S5TR{(I) ELSE 1130
IF I<10 THEN A$z=v t4Ag
IF Ls(Iy=* v THEN L%{I)=A$+SPACE(11)
ELSE L$(I)‘A$+'—'+L$(I)+§PACE¢10-LENGTH(L$(I)))
NEXT I
IF PROBC10 THEN TITS=STR(PROBY+*t ¢
ELLSE TITH=STR(PROB)
TIT$="6B'PROBLEM NUMBER "+TITS+" 178 'DEPENDENT VARIABLE"
+L$(D)+"'//"+STR(TOT}+"(72%/)/"
H$(1)='INDEPEND, VARIABLES ¥, FF=0, J=1
FOR I=1 TO P .
IF BtIY=0 THEN 1220 ,
IF (FF MOD 3) THEN H&(JIZHE(J)+?, ¢
HE (Y ZHS () +LB (T FF=FF+1
IF LEMNGTH(HS({J)}>60 AND JCTOT
THEN Jz=J+1s H${J)SSPACE(20) -
NEXT I
IF LENGTH({H®(J))=20 THEN J=J-1
EI.SE H%(J)-H%(d)+§PACE(66-LENGTH!H$(J))!
GOSHB 2010
OPEN F%y1ly INPUT,OLD
ND=1/SQRT{MS)
FOR I=1 TO 3
Al1,I)=1E11r A(2»I)==1F11
NEXT I
FOR I=1 TO P
MM{Isl)==1FE11r MM(I»2)=1F11
NEXT T
CMAX=Z=1F11., CMIN'IEll
FOR I=t TO N
MAT INPUT FROM 1:Q
RIIY=Q(DY=-B(0Yr LyU=0
FOR J=1 TO P

MMEJr 1Y SMAXIMMIU» 1) 0 QEUY )y MM(dr2)“MIN€MM(J!?)vG(d))

IF B(JY THEN R(IVZR(T)=B(J)*Q(J)
NEXT J

PRINT IN FORM*'11% L4(B%,5%)/v:1, @(D)erD)-R(I)prI)pR(I)*ND

IF NOT (I MOD 10) THEN PRINT
CMAX=MAX (CMAX, Q(D)Y=R(I) ) CMIN=MIN(CMINSQ(DY=R{I))
IF (I MOD 40) THEN 1460
GOSUB 2010
IF R(I}>A(L1s1)Y THEN 1490
ELSE A(1,1)=R(I)» NA(1ls1)=T1
IF R(IV>A(1+2) THEN 1490
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1480
14490

1500

1510

1520
1530
1540
15%0
1560
1570
1580
1590
1600
1610
1620
1622
1623

1624

1625
1626
1627
1630
1640
1650
1660
1670
1680
1690
1709
1710

1720
1730

1740

1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
18AR0
1890
19460

ELSE AC1s10ZA(192)s NA(LI1YZNA(1,2),
AtLe2)TR(IY » NAf1s2)=I
IF R{I}<=A(1e3) THEN A{1»2)A(1,3)s NA(L1+2)=NA(Ls3},
Al(le3)=R(I) r NA(I,3)Y=T

IF R{II<A(2,1) THEN 1520

ELSE A(2+1)=R(T)» NA(2,1)=1
IF R{T)ICA(2+2) THEN 1520

ELSE A(2,1)ZA(2+2)s NA(Z2+1)=NA(2,2)

Al2y2)=R(I) » NA(2,2)=1
IF RUIIDZA(2+3) THEN A(2¢2)=A(2+3)e NA(2»2)=NA(D,3),
At2s3)¥=RITIY v NA(Z2,3)=1

LONEXT I
FF=0 -
GOSUB 2010
PRINT ' -
PRINT» *HISTOGRAM OF RESIDUALS (NORMAL DEVIATES)®
PRINT :
K1Z=ROUND (4%A(1s3)%NDY» K2=ROUND (4%A (2, 3)%ND)
INTEGER PLOT(K1:K2) '

. FOR I=1 TO N . S

I1=ROUND (4%R(T)%ND) s PLOT(I1)=PLOT(I1)+1

L NEXT T

IMAXz=0

CFOR IZK1 TO K2

© SIMAXSMAX (IMAX»PLOT(I))

tNEXT. T
IF: IMAX<51 THEN 1630 ELSE K3S=INT(=50/IMAX)
MAT PLOT=(K3)*Pi.OT '

~ FOR I=K1 TO K2 ' :

~ IF (I MOD 4) THEN I$=':t ELSE. IS=STR(.25«I)+? 41
2 PRINT IN FORM'12%1:T1g

i FOR J=1 TO ROUND(PLOT(I))

PRINT t%t '

. NEXT J

& PRINT

G NEXT I _ _ ) .
DATA 000, UUDr.386r.679v.557'.482v.43&!.47Qr.4u1'.409r

*9171 4900 4467084929 JUT29 JU5H s L3Ry L2, 012, ,401,
23910 4382143749 4367943600 ¢ 3549 , 388y J3L2 9 337, 332

MAT READ RD
PRINT IN FORM"//14B'TEST FOR EXTREME RESIDUAL VALUES '
" (DIXON CRITERION)'//we
IF:-N<31 THEN PRINT IN FORMv19R

"CRITICAL VALUE (ALPHA = ,10) ='&,3%* (MAX)'//"tRD(N)
IF N<14 THEN 1790 ELSE $X='R22°
RSZ(A(Lr1Y=A(1»3))/(A(201)=A(103))
RLE(A(293)=A(201))/(A(2,3)=A(1,1))
GOTO 1900 ,
IF: N<11 THEN 1830 ELSE $X='R21?
RS=(ALLIs1)=A(103))/(A(202)=A1+3))
RLE(AI293)=A(201))/(A(2s3)=Al1+2))
GOTO 1900
TF"N<8 THEN 1870 ELSE $X='R11°*
RESS(ALTF2)=A(193))/(A(202)=Al1+3))
RLS(AL2,3)=A1202))/(A{293)=A(192))
GOTO 1900 ' :
EXTTRIOY
RES(A(L12)=A(113))/(A(2¢3)=A{1+3))
RLZ(A(2,3)=A8(292))/CA(293)=Al1+3))
PRINT IN FORM™1GB 3I%' (MIN) ZvK,3% 12K' (MAX) =tx, 3%//":

310-A

>




1910
1920

1930

1940
1950
1960
1970
1980
1990
2000
2010
2020
2030

2040

Xy RSy EX»RL
FOR I=0 TO 2
XE1I=tR{VISTRINA(L»3I=IYY4Y) =¢,
XE2=*R(*+STRINA(2s3=T))41)y =¢
PRINT IN FORMY2ERX 6%.3% 16% 6% 3%/
XE1oA(1p3=T) e XE2pA(2,3-1)
NEXT I
PRINT IN FORM"////6B'D0O YOU WISH PLOTS (YES OR NO)vms
INPUT AN%
IF ANS=*NO' THEN LINK '5ILSTATIREGXFER?Y
PRINT ON 2 AT 7:A(2¢3YrA(1e3)Y 2 CMAXSCMIN»TOT»TITS
MAT PRINT ON 2 AT BIMMyRsHS
LINK *SILSTATIREGPLT?Y
PRINT IN FORM HED%!
MAT PRINT IN FORM TIT$IHS
IF FF THEN PRINT IN FORM®"2(12%) 9BYCALC, '7R'RESIDUAL 6B
*NORM DEVY//"210BS, *» tACT, *
RETURN
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‘COPY' ¥REGPLT TO TEL TEXT

1000'QEFAULT:DOUBLE ‘

********** INPUT DATA **********

1010 OPEN 'SREG' 1y IO-RANDOMrBINARYnOLD

1020 INPUT FROM 1 AT 1:HED%+FS,TYP

1030 INPUT FROM 1 AT 2 PerYINTpPROB

1040 INPUT FROM 1 AT 5@D

1050 INPUT FROM 1 AT 72 RMAXnRMINaCMAX!CMIN!H19T1T$
1060 DOUBLE X{Ny»P)rR(N)» Y(N)»MM(P,»2)+B(0P)+QR(0D:5)
1070 INTEGER A{0:30,0:50)

1080 STRING L&(P),LBL(O? 30) e VE(10) »HF (H1) »R(0250)
1090 MAT INPUT FROM 1 AT 4:Ls

1100 MAT INPUT FROM 1 AT 6:B

1110 MAT INPUT FROM 1 AT BIMM,RsH%

1120 OPEN Fg$s2y INPUT,OLD ‘

1130 MAT INPUT FROM 21X !

*********t SCALING‘FUNCTION ok ok e sfe ke S s e ke

1140.DEF DOUBLE ENS (L1 p UL »KK)
1150 DOUBLE LLyUL#KK
11606 DEFAULT DOUBLE

1170 RNG=UL-LLe P1O=10-¢INT(LOGI10{RNG))), RNG= RNG/PIO
1180 SL=SGN(LLYs SU=SGN(ULY» LE=LL/P10, UL=UL/P10s TR=0D

1190 IFf SL+SUK0 THEN UL==Li, £ESUL-RNG
1200 IF ULK=INT(LL)+10 THEN 1250

ELSE PLOT104P10s LL=.1kL0 T UL=. 1%UL
1210 GOTO 1200.
1220 TL=INT(LL)s TRZ10s TLIZINT(2%LL/3)%1.5
1230 IF UL>DTL1+7.5 THEN 1320

ZELSE TL=TL1s TRZ7.5, TLIZINT(2%LL)%.5
1240 IF UL>TL1+5 THEN 1320
_ ELSE TL=TL.1» TR=S5,. TLI=INT(10xLL/4)%,0
1250 'IF ULDTL1+4 THEN 1320
: ELSE TL=TL1+ TR=4, TL1= INT(10%E L /3)%,3
1260 IF UL>TL1+3 THEM 1320 .

~ ELSE TL=TL1,» TR=3, TLI=INT(4xLL)/4

1270 IF UL>TL1+2.5 THEN 1320

ELSE TL=TL1,» TR=2,.5, TLISINT (5%l )%, 2
1280 IF UL>TL1+2 THEN 1320 .
: ELSE TL=TL1r TR=2, TLIZINT(20%L1./3)%.15
1290 IE UL>TL1+1.5 THEN 1320

El SE TL=TL1, TR=1.5, TLI1=INT(4xLl)/4
1300 IF UI>TL1+1.25 THEN 1320

ELSE TL=TlL1e TRZ1,25 TILIZINTCIO®LL) %,1
1310 IF UL<=TL.1+1 THEN TL=TL1l, TR=1 -
1320 IF UL+LL=0 THEN TL==TR/2
1330 IF SL+SU=0 THEN 1360
1340 IF ULL=TR THEN TL=0
1350 IF SL+SUKH THEN TL==Ti-TR
1360 LL=TL P10, RNG=TR%P10
1370 TE KK=30 THEN SY=30/(TR*P10), YOSROUND (=L *SY)
_ ‘ELSE SX=B0/(TR*P10)y XO=ROUND{=-LL*SX)
1380 RETURN L
1390 END !
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1400
1410
1420
1430

1431
1432

1433

143y
1440
1450
1460

14790
1480
1490
1509
1510

1520
1530
1540

1550
1560
1870
1580
1590
1600

1610
1620
1630
1640
1650
1660
1670

1&80
1690

1700
1710
1720
1730
1740
1750
1760

sfofskdkokkkE ASSTGN CONSTANTS ke sk sk o ok o o

FOR I=2 TO 9
VE(I)=STR(TI)
NEXT 1
VELL)=%?y V$(10)='0", LBL(O)=' 1,
FMTS=?T7X 6% %% 52%/% TITSSTITS+Y///0
FOR I=1 TO P
IF B(I) OR I=D THEN A$=tVARIABLE *+STR(T)
ELSE 1434
IF LS(I)=' ' THEN LS$(I)=AS
ELSE LE(IYZAS+Y ('4+LB(I)4+7)
NEXT I
FOR TI=1 TO 10
LBLEI) »LBLU{TI+10) v LBL(I+20) )= ¢
NEXT I ¢

dokokdokskkkk RESTDUAL PLOTS skkskskoksksksokk

PDATA ReEeSeIaDeUsArLeSy
FOR 1I=19 TO 11 STEP =%
READ LBL(IY
NEXT I
S%=' VS RESIDUAILSYs UL=MAX(RMAXs=RMINY,
YUZFENS (~ULe ULy 30) :
FOR I=1 YO N
Y{IVYZROUND((R({I)=YL)Y*SY)
NEXT T !

Fokodokdckkkokk TIME = RESTDUAL sSokkk ko sk

MAT A="0)

BE='OBSERVATION'» AS=BEs+'S14S%, XL=FNS(0rNe50)
FOR I=1 TO N
XXZROUND Tt IT%SX) » ACYIT) o XX)=A(CY(IY » XX)+1
MEXT 1

GOsSUB 2050 ¢

rkackackkdkk CALCULATED = RESTDUAL skokok sk kskokskok

MAT A=(0)

Bs=tCAl CULATED'y A$TBH+S%, XL=FNS(CMIN,CMAX»50)
FOR I=1 TO N
XX=ROUND [ {X(TpD)=R{I)=XL)%SX}
ACY(IY p XXOZA(Y(I) o XX) 41
NEXT I

GOSUB 2050 !

***¥****** ACTUAL = RESIDUAL sk bk

FOR I=1 TO P
IF B(I)=0 AND I#D THEN 1770
ELSE XL=FNS(MM{I+2)»MM{I»1),50})
BE=L$(I)r AS=R3:+S$
MAT A=(0)
FOR J=1 TO N
XXZROUND L (X {Jr I =XL ) %SX)
ALY (DY o XXDIZALY(JY e XXY 41
NEXT J
GOsSUB 2050
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1770

1780
1790
1800
1810
1820

1830
1540
1850
1860
1870
1880
1910

igun’

1950
1960
1970
1980

199p -

2000
2010

2020
2030

2040

2050

2060

2070

2080
2090
2100
2110

2120
2130

2140
2150
2160
2170
2180

2185
2190
2200
2210
2220
2230
2240
2250
2260

2270

2280
2290

Rt R T A T B S

NEXT T
' ¥ ek ok ke ok sk ok ko INDEPENDENT = DEPENDENT skobskkkdskokk

DATA DsEsPrEsNeDyEsNpTe? v, YoVeAsReIvAIBeLrEy
FOR I=24 TO 6 STEP -1 :
READ LBL(I)
NEXT T -
SE=t VS t+LE(D)r YLZFNS(MM(Dy2), MM(Dol)v30)r
LE(D)=YCALCULATED?*» MM(D,2)=CMIN, MM(D,1)= CMAX
FOR I=1 TO N
Y(I)=ROUND((X{TIsD)=YL)I%SY}y X(IsDISX{IsD)=R(TI)
NEXT 1
BtDy=1
FOR I=t TOo P
IF B(IY=0 THEN 2000
BF=LS(I) s ASTBS+SSs XLZFNSIMM(I»2) pMMIT+1)¢50)
MAT A=(0) . :
© FOR J=1 TO N
XX=ROUND{ { X (s I)=XL)*SX)
ALY (Y e XXIZACY DY e XX)+1
NEXT J
GOSIIB 2050
NEXT I
PRINT CHAR(12)
PRINT
LINK *'SILSTATIREGXFER®
END '
PRINT IN FORM HED$:
MAT ‘PRINT IN FORM TITS:HS$
PRINT TAB(43-LENGTH(A$)/2)'A$
PRIMT

FOR IT=30 TO 0 STEP -1
IF (IT MOD 6) THEN AEg=t:v ELSE AE®zTv4¢
IF (1T MOD 30) AND YOHYIT THEN ALSsAXEZY ¢
ELSE AL$=t=1t, AXG=v41
FOR JJ=0 TO %0
IF ACITIsJUY THEN Q(JUIZVSI(MINIACTITI»JJ)210) )
ELSE 2150
GOTO 2170
IF (JJ MOD 10) THEN Q(JNY=ALT ELSE Q(JJ)=AX$
IF. JJ=0 OR JJU=50 OR JJ=X0 THEN Q(JJ)=AFs%
NEXT JJ
IF (IT MOD 6) THEN PRINT IN FORM *7% 108¢: LBL(TTY
ELSE PRINT IN FORM!7% 5%.,3% BriLBL(IT)y YL+II/SY
MAT PRINT IN FORMYS1(X)/':Q
NEXT T1
PRINT .
PRINT TAB(10):
FOR IT=0 TO &
PRINT IN FORMYA%, 3% SXL+10%TT/SX
NEXT T1
PRINT
PRINT
PRINT TAB(43=-LENGTH(B%)/2) :B%
PRINT

RETURN

310-E



COPY %REGXFER TO TEL TEXT

1000 OPEN '$REG'»1,I0»BINARYsRANDOM, OLD

1010 DOUBLE TYP

1020 INPUT FROM 1 AT 13HEDS.FSsTYP

1030 PRINT}'ANOTHER PROBLEM USING THE SAME DATA (YES OR NO)':

1040 INPUT AM%

1050 IF AN$=YNO* THEN 1170

1055 IF TREC{1)<5 THEN 1070 ,

1060 ERASE FILE 1 FROM S TO TREC(1)

1070 ON TYP GOTO 1100, 1120

1080 REM

1090 REM

1100 REM

1110 REM

1120 LINK *tS3ILSTATISTR2Y

1130 REM

1140 REM

1150 REM

1160 REM _ .

1170 PRINTITINPUT NEW DATA FILENAME OR *tSTOP "

1180 INPUT Fs$

1190 ERASE-FILE 1 FROM 1 TO TREC(1)

1200 IF F&=*STOPY THEN 1390

1210 PRINTH*NEW JOB TITLE®:

1220 INPUT HEDS

1230 OM TYP GOTO 1240, 1280

1240 REM

1250 REM

1260 REM

1270 REM o

1280 HEDE="*"4+CHAR(12)+""//6B'STEPWISE MULTIPLE LINEAR REGRESSIONt"
+U 7/ 76BYTEHEDS Y S 2/

1290 GOTO 1340

1300 REM

1310 REM

1320 REM

1330 REM

1340 PRINT ON 1 AT 13HEDS$,FS»TYP

1350 LINK 'S3LSTATICORRE?

1360 REM

1370 REM

1380 REM

1390 PRINT ' _

1400 PRINTHI"GOOD=-BYE, BE SURE T0O DELETE FILE t®REGY BEFORE LEAVING®

1410 PRIMNT}'THE SYSTEM, !
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1000 PRINT#"DATA FILENAME OR *EXP* FOR PROGRAM INFORMATION®:
1010 INPUT Fg !

dokdokk EXPLAIN PROGRAM skoksokk

1020 IF Fs#'EXP*' THEN 1100

1030 OPEN '5!L§TAT$STATEXP'oI:RANDOM-INPUT;OLD
1040 FOR I=160 TO 206

1050 INPUT FROM 1 AT 1:A« _
1060 IF As=' v THEN PRINT ELSE PRINT$AS
1070 ©  NEXT 1

1080 CLOSE 1

1N90 END !

dkdkk INITIALTZ7E = READ DATA skskrs

1100 DIM X(1001)eW(12)ssTATII2V,Y(100)

1110 MAT READ «TAT .

1120 DATA OBSERVATIONS,MEAN' +STD.DEV,,
MINIMIM s RANGE y MAXTIMUM
VARIANCE » SKEWNESS,KURTOSIS,
COEFF, VAR, »AVG.,DEV, »RMS DEV-I

1130 OPEN Fgp1, INPUTvOLD

1135 DEFAULT DOUBLE" °

1140 ON ENDFILE(1) GOTD 2320

1150 PRINTFYJOB TITLE - NO, ROWS -NO. COLUMN@"

1160 INPUT HED«,NROW!:NCOL

1162 DIM XX (NROW» NCOL)

1164 DRINT?'LOG TRANQFORM: INPUT 1 FOR YES 2 FOR NO ¢

1166 INPUT ANS

1170 MAT INPUT FROM 1!¥XX

1180 FOR JJ=1 TO NCOL

1181 LL=1E11, UL==1E11, XBAR,U2,U3,UL,W111=0. N=1

11R2 FOR TI=1 TO NROW

1183 IF X¥(IT,JJ1¢n THEN 1220

1184 IF ANS=2 THEN X(NY=XX{TT,»JJ) ELSE 1190

1186 GOTN 120n

1190 IF XX(IT.JJ)1<=n THEN 1220 EISF XINIZENGI0 XX ITITsJJUYY

12N0 XBAR=XRAR+ (X (NY=XBAR) /N _

121n Ll“MINfoN‘:LL!- PILSMAXEX ENY oI 1)

1212 N=N+1

1220 NEXT 17T

1221 IF N=1 THEN 1228

1225 GOSIIB 124n

1228 NEXT JJ

1230 CLOSE 1

1235 DO 1310,23%0

12an - FOR I=1 TO N-1

1250 © X1=X(I)=XBAR, X2=¥X1%X1 "

1260 H2ZU2+X2, UBZUZ+X1#X2 s UBZULEXD%XD
1270 W(i1)"Wf11)+AB§(X1) ‘

1280 NEXT I

1290 W) yN=N=1, W(2)=XBAR, WI(4}=I_L, WIS) o RNGZUL=l1.» WI(BI=IIL,
WI7Y=U2/tN=1) s WIB)ZSARTIWITY)» W(R) SSARTINYRUR/ (1241 ,5),
W) =Nkl 14 /7 (1124012 W(IO)‘iUO*W(?!/XBAR. Wr11!-WfJ1)/N-
W(12)RMSZSART (1)2/N)

1300 REM !
¥k OUTPHT PARAMETERS skwwokk
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1310 PRINT CHAR(12)

1320 PRINT

1330 PRINT}*SAMPLE STATISTICS?

1340 PRINT '

1350 PRINT IHEDsI#PROBE wiJJ

1360 PRINT : . .
1370 PRINT

1380 FOR I=1 TO 12

1390 ‘PRINTI®TAT(I) 1=

1400 JIF ABS(W(IY1)<10 AND ABS(W(I})>=1

- THEN PRINT IN FORM"3a, 3% sE4+00 "W (T}

. ELSE PRINT IN FORMB HeRHT IW(IT)
1410 IF NOT (I MOD 3) THEN PRINT IN FORM®/v:ELSE PRINT' @
1420 NEXT T ! '

skksk CALCULATE TNTITTAL HETOGRAM ssssc

1430 NCELZROUND (1410t 0G10(N) /3y, RFACZ1I0~(~INT(LOGIO(RNGY )
1840 TLLZINT (L1 «RFAC) /RFAC, TINT= (1JL=TLL ) %RFAC/NCEL
1450 IF TINT>1 -AND TINTC3 THEN TINT==INT(=2%TTNT)/2

ELSE TINTZ-INT(=TINT) o
1460 IF TINT=7 OR TINT=Q THEN TINT=¢{TINT+1)/RFAC

ELSE TINT=TINT/RFAC _
1470 IF RNG>,B%NCEL*TINT THEN 1530 EI.SE TTNT=TTINT%REAC
1480 IF TINT<1.5 THEN TINT=10%TINT, FLAG=1 ELSE F{AG=n
1490 IF TINT<3I THEN TINT=TINT=,5 ELSE TTNT=TINT-1
1500 IF TINT>6 THEN TINT=TINT=1 _
1510 IF FLAG THEN TINT=TINT/(10%RFACY FLSE TINT=TINT/RFAC
1520 GOTO 1470 ! :

1530 TLLSTLL=.5%TINT

1540 IF LL>TLL+TINT THEN TLL=TLL+TINT ELSE 1570
1550 GOTO 1540 . '

1570 NCEL==INT( (TL! =1Ly /TINTY

1580 MAT 'y=t0}

1590 FOR I=1 TO N |
160N YO=(X(TY=TLL) /TINT+1, Y1ZFTX (YD)
1610 IF Y1<YD THEN Y(Y1)=Y(Y1)+1

ELSE YIYIIZYIY1I4.5, YIV1I=13SYIY1=114.5
1620 NEXT I ! :

k¥xdokrx OUTPIT HISTOGRAM skskeskn

1622 IF ANSZ2 THEN L&=' ¢ ELSE L&=¢ L0G °

1630 PRINT IN FORMt1////03 |

1640 PRINT,NCELZ* CELLS =0:L%:9CELL. INTERVAL = #:TINT

1650 PRINT IN FORMw"/4B¢MIDPOINTI3BYNO, OBS, t5R1% TOTAL*SRYTOT,CUM, ¢
4B ?~SCORE (RMG) t / /18

1660 ZINT=TINT/RMS, CMP=TLL+.S+TINT, 7SCZ(CMP=XBAR)/RMS, RP,CUM=n

1670 FOR T=1 TO NCEL | §-

1675 TOTZ1NO0*Y(I)/(N+1) s CUM=CUMsTOT -

1677 IF ANS=P THEN CPP=CMP ELSE CPP=10~CMP

1680 PRINT IN FORM*3B H,8# P15 6% 3(0%,3x)//1:
CPPyY(IYsTOT»CUM, 2SC )
169N CMP=CMP+TINT, 7SC=7SC+ZINT, PPIMAX (Y (1) ,PP)

17n0 NEXT T ! .

Cokdoksk WHAT NEXT?  sokdork
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1705
1710

172n
1730
1740

175n
1760
1770

1780
179n
1810
1810
1R2n0
1830

1840
1850
1R6N
1870
1880
1890
19n0
1910

1920
1930
1940
1950

1960
1970
1980
1999
2000
2010
2020,

2030
2040
2050
206N
207n
20AR0
209n
2100
2110
2120
2130
2140
215n

GOTO 2325

PRINT IM FORM"/////3B'ENTER - 1 FOR PLOT*/118
'2 FOR NEW CELL. PARAMETERS'/118'3 FOR NEXT FILE?"
/1184 FOR QTOP'//11B'WHICH'"‘

INPUT ANS!
ON ANS GOTO 1840, 1780+ 1750
END !
skkkk NEW DATA FILE sekopokr
PRINT: *NEW DATA FTILENAME®:®
INPHT Fe¢
GOTO 113n ! _
dkkrk NEW HSTOGRAM PARAMETERS skv sk
PRINT} *NEW CELL. MTDPOINT, INTFRVAL?® )
INPUT CMP, TINT
DG 1310 1350
TLL=CMP= S TINT
TF LLL<TLL THEM TLL=TL!-TINT ELSE 1540
GOTO 1820 !
¥¥kkk PLOT HISTOGRAM skeseskesgesk
NN=N» 70“TINT/RM§*NN/SQRT(Q*PI)o PP=MAX {70 sPPYy, PWR=1

PWRZPWR=1, IND=PPx10~PWR

IF TND<5,2 THEN PPz=10~PWR, IND=1 ELSE 1880
GOTO 2030

IF IND<10.4 THEN PP“.%*lOﬂPWR. IND=2 EISFE 1900
GOTO 203N

IF TND<?6& THEN PPz,2%10~PWR, IND=3 ELSE 1850
G0TO 2n3n !
PRINT IMN FORMe4x B Lyt A,B
IF FLG THEN PRINT®a«t FLSE PRINT
FLG=n
RETIIRN
FOR Bzl To U2 STEP U3
AyFLG=¥X1
GOSUB 1920
A=Ay
GOSI)B 1920
NEXT B
RETURN !
NMN=Ns Z0=TINT/RMS*NN/SQRT(2xPT)y PPIMAX(70,PP), PWR=1
PWR=PWR=1, IND=PPx10~PWR
IF IND<KS.2 THEN PP=10«PWR, IND=1 FLSE 2070
GOTO 21nn

IF IND<10.4 THEN PP=,S5%10~PWR, TND=2 ELSE ~oan

GOTO 2100

IF IND<?26 THEN PP=,2%10~PWR, IND=3 Et.SE 20u4n

PRINT

PRINT# *VERTICAL SCALE = *:ROUND(1/PP) 2 ORSERVATIONS/INCH?Y
PRINT *PRLTI_ ¢

NC=NCEL,» CW=80N0/NC, AZ=750, By YY=9QQG/7, 720=7N%PP

GOStIB 192p :

A=A+255n-CW 314



5160  FOR I=1 TO NC

2170 AZA+2%CW

2180 IF Y11y THEN 2200 ELSE A=A-CW
2190 GOTO 2270

2200 GOSUB 1920

2210  BEYY®(1+PP%Y(I))

2220 6OSUB 1920

2230 A=A-CW

2240 - GOSUB 1920

2250 B=yy _

2260 GOSUB 1920 v
2270 NEXT I ‘

2280 AzZA+250+Cw
2290 GOSUB 1920
2300 PRINT, 'PLTT?
2320 DO 1310
2325 GOTO 1228
T 2330 END

K]
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4NN PRINTG S vk MODIFIED SEPTEMBER, 1074 kv
410 PRINT -

1000 PRINT _

1919 PRINTH}®DATA FILENAME OR tEXPY FOR PROGRAM DETATILLS™?
1020 INPUT Fe

1030 PRINT

1040 IF Fg=vEXPr THEN 1960

1050 OPEN Fe,1, INPUT,0I.D

1060 ON ENDFILE¢1Y GOTO 1810

1070 PRINT?:"NIMBER 0F APCD'S, NUMBER OF SITES:

S 10ARA INPUT APCD,STITE
£.1090 NS=APCD4+SITE

1100 PRINTS: YMNIMBER OF DAYS !

1110 TNPUT. ND -

1120 PRINT$: 'NIIMBER OF READINGS /DAY AT EACH SITE+:
1130 INPUT MR

1140 DIM?Y(NDrNQrNg)'H$f2lNQ\vT¢f6)DQRTfND\rYf4nN§)DCVFMD\-Q¢IHQ$

1150 MAT-INPUT FROM 1:%

1160 PRINTIF'EARLIEST READIMG (MTLTITARY TIME} s

1170 INPUT TIME

1180 PRINT .

1190 PRINT)S*SITE ID, MINUTES AFTER HOUR READ (2 CHAR EACHY s
1200 ENR I=1 TO NS

121n IF I>APCD THEN S4(Ty=+ STTEY FLSE Se(T)=t APCHe
17220 DRINTI SIS« (Tytr o ,

1230 . IF I>APCD THEN PRINT I-APCD: ELSE PRINT T°@

1240 INPUT Hs¢1,T) pHe(2,1)

125n IF LENGTH(H® (1, T1¥=2 AND LENGTH(H®(2,Ty1y=2 THEM 1270
SE PRINT#3 2 CHARACTERS FOR EACH — TRY AGAIN®

1260 GOTOH 1220 _ - .

1270 Hef1sTY=e - viHet1, 1)

1275 MEXT 1 ‘

1280 PRINT ,
1290 PRINT:: +TNPUT & LINES FOR HEADTMG (0=RLANK L TNF3
1300 FNR I=1 Tn 6

S1310 PRINTS:YLINE +271:

1320 INPUT Ta&(Ty

13130 IF THeTygene THEN T&(T)=SPACF(4N=LENGTH(TatTy)Y /24Tt Ty
13240 CNEXT T

1350 K=p+3%(10=NS)Y, N&=STRING), N1g¢=N&+s1 (B8R LA
1380 PRINT ' = :
1370 DRINTII1AZMIN 2 MAY, 1=1.IMITS = WHTCH»®
1380 TNPUT FILAG
1390 TF FLAG THEN PRIMTII¢STIGNIFTCANCE 1 FVEL v

. FELLSE 1430,
14nn INPHT SI6G
TH10 Ae=nBry gt twiNte, Re=elr [ tngnte
1420 GOTO. 1440
1430 ASZURBIMAXY st a, Be=wBIMIN trvepT e
1400 HEDG=///v4QTR (K Y 4 "B rHOI IR PUENELM L ARY /HICTR (KA Y +

TR ANSEY (AR /1ISTRIKETIHIR t4Nasmrt  Hetgay /n
1TURN FMT4=STR (K44 Y 4WBIN YHENFE Y IEKY /P HSTRIKAZY +AR+STR (K+3 Y 4+
"RIMED triNa+ v (BB %o, %) /14 GTR(K+3)+Re

14/0 TIMEZINN+FIX( ,N1%xTIME)
1470 MAT Cv=it=1)
1480 GOSHR 14880 _
1uan - FOR T3=1 TO NR
1500 TF TIME=n0 NR TIME=2%00 THEN TIM&=tn000"
FI.SE TTM&=STR( TIME)
_ 317
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Y

1510 IF I FMGTH(TIMs)y=4 THEN PRINT TAB(K)*TTM=
EL.SF PRINT TAB(K)YS*DNt:TIMa

152N TIME=TIME+10n
1570 MAT vY=¢n)
154n FOR T2=1 T0O NS
1R58n N=0
1560 FOR T1=1 TO ND _
157n TF ¥(I1,13,121>=0 THEN N=N+1, SRTINI=XITT TR T2
158n NE¥XT 11
159n0 Yt1I2Y=Ny FAC1=R101
1501 IF M THEN 1400 EISE Y2 e T2V YR I2V s YL WI2VZ1ER
15702 GOTN 174n e '
1400 FAR J1=1 Tn 12
161N FAC1=(FAC1=1Yy /2
120 FOR J2=FAC141 TO N
1630 TEMPZ=SRT ()2, FAC2=U2=-FACH
1640 FOR J3=1 TO FAC? STEPD FACH
168n0 FACAZFACP =J3 41
. 1AAN _ TF TEMPZGRT(FAC3Y THEN 170n Fl
SE SRTIFACRLFACIY=SRTIFACS)
1670 MFYT 3
1680 SRT(FACIY=TEMP
1690 GOTN 1710
170n SRTIFAC34+FAC1Y=TEMP
1710 ’ NEXT J2,J1
172n © TR (N MOD 2y THEN Y3, T2)Y=SRT(IN+TY/2)
ELSE Y{3» I2Y2(SRTIN/2Y+SRTIN/D+11 Y 2D
1730 IF FILAG THFEN GNSIIB 1910 FISE Yr2,I21=5RTIMY, YU,
I2y=8RT 1)
17un MEYT T2
1790 MAT PRTINT IMN FORM FMT®eY
1760 IF NOT ¢T3 .M0D 8y THFEN GOSIIB 1830
1770 NE¥T T3

1780 DO 15008 1510

17a0 PRTMT CHAR 12y

180n EnN

1810 PRINT# I *MNT ENOIIGH DATA IN FTLE t:Fe
1820 END

1A%0 NN 1500 151n

TALN THITYZSUBSTRITE (1) eBY+? (CONTINIEDY v
1850 PRINT IN FORMig//t tCHAR (12

186n FOR I=1 Tn &
1R7n0 IF T&(I)y=t0r THEN PRINT EI.SE PRIMT T<¢(T)
1RAN MEXT T :

1890 MAT PRINT IN FORM HEDS :S%, Hx
190" RETIIRN '
1910 IF CViNy>=n THEN 1040 ELSE NN=SIG/(,S~fM=13)y AyA1=1, T=0
1920 T=T41s AI=A1%(M+1=TV /Ty A=A+A1
1930 TF ALNM THEM 1920 ELSE CVIN)=T-=1
1940 Y2, I2)SSRT(MN=CVINY Y e YU, T2V=2SRTICVINYI+1)
1950 RFETHRN
1940 PRINT, txvex ¢ PROGRAM SILSTATISUMMARY sekskoden ?
1070 PRINT ' ‘
1TUAN PRINTHFI*THTS PRAGRAM TS TNTENDED PRIMARTIY FNR SIMMARTZTING?
1990 PRINTIIWENVIRONMENTAL DATA FROM SEVERA!. APCND1S AND/OR STTES TMw
2000 PRINTI3vA PARPTICHI AR GENERAL ILOCATION, READTNGS ARF ASSIMFD Tn BF
L}
291n DDIMT==-GRTAINED HOURLY AT FACH SITE -~ PROVISTOM TS MADE FAR MTGaT
o]

2020 PRINTIFtREADTMGS, *
3is8



207N
2ann
TAL

onnn

2040
207N
2NAN
~sNnan
21nn
2110
2120
210
A1un
2150
21AN0
21A5
217n
2100
220N
2310
- "
209n
2230
2740
Epn
2750
DAN
2770
2728n
2249n
2300
7310
2350
2330

2340,

2350
22AN
237N
HE +
2340
(]
230n
2linn
e I
3
2420
ITe e
AN
2uNnn
248N

*

PRIMT

B L S L I e L L R

PRINT}: 1 yRFFORE RINMNIMG THIS PROGRAM, PREPARE A SEQIIFMTTAL TEXT DA

PRIMT?#/FTILE TN THE FOLLOWING FORMATS®

PR INT

PRINT S *XI10 10110 X010 1ePYr00asXt1s1s8Y7
ELENTAERE 48 Y-S RIS 48 IFE- - L IS ' K I PR S

ORIMT,

t

lognq-g_u-.u.nnn’it-.-ggnn......

pQINTp'¥f1lRiT}OYflrnp?ﬁv...OX(]-RDQ)'
LR AR F R IFR I IR 4 5~ 'S IS~ IO T IS K

DR IMT,
DRINT,
PTTMT,
PRTMT
PRINT?
PRTNT,
PRINT,
PRIMT,
PRINT
PRTNT ¢
PRIMTS

PRINT
PRINT
PRTNT;

DRINT S
DRTNT !

DRLNI“

PRINT?
PRTMT;

g--l-q---y.nann.l--g'nonn--..q'

T UDIRI 1IN XIDIRI DY p g a0 s XIDsRPSY Y

PIYWHERE ¥ (T, ,KY = DATA AS FOI| OWSS e

'T = DAY (T = 1 TN NIMBER OF NDAYS. Ny y

*J o= READIMG TIME (J = 1 TO NIIMBER OF RFADTMGS/DAY, Ry
"K = STTE (K = 1 TO NUMBFR 0OF STTES+APCNS, Sy»

Prexx NOTE %%+ IF NO RFEADING WAS ORTATHMED AT A GTVFHY

tPTIME, FENTER t=1t IN THE FTLF MATRTX TN TMDICATE MA RFADTHA

PYHPON LLTHKTING THIS PROGRAM, THFE USER WTI) BE REQIIFQTEN:

teTH TMPUT THE DATA FILENAME, THE MIMBER OF APCDS, THFE tHMR

H
H

.
?
[
b

PRIMT?:

PRINT
PRTNT

PRIMTS
PRIMT}
PRINT

DRTINT;
DRINT!

PRINTS
PRINTS
PRTHNT
PRINTS
PRTNT
PRTNT

DRTHT,
DRIMNT,

H

s =

T Y

*NE SITES, THE NUMBER OF DAYS REANDINGS WERF TAKFM, AMD THF
tAND THE MNIMARER OF READTNGS THAT WERF TAKEN FACH NAv,_»

PYTHE VNSER TS5 THEN REQUESTED Y0 THPHT THE (MT)I_TTADY) TTMF »
*OF THE FTRST READTNG (I,F, N70N = LISE FARI TEST Flit) 1NNy
YAND AN TDFNTIFTCATINN SYMBOI  AND MUMRER AF MIMIJTES AFTEOD e
TTHE HOMIR READ FOR.EACH APCD AND/OR GTTE,. ¢t

TYTHE H)SER WILI THFN BF ASKED TN INPHT A& [LLIMFS FAR A
*HEANDING WHTICH WTILI RE CEMTERED OM AN A=1/92 TMCH DAGFE, ¢t

TTETMALL Y, THE JSER WTLI BRE ASKED TF HE WISHES THE MTHTMiEe
TAMD MAXTMHM VALIIES OR COMFTDENCE | TMTTS Tn RF ORTMTFD T T

*SUMMARY,  TF CONFINENCE LLTMITS ARF RFAQIESTFN, THFE 1ISFR WT|
*AF RFQUFSTED To INPUT A STGNTFTCANCE | FVFI 0
TOLUTPHT CONSTRTS OF A SHUMMARY TABLE COMTATMTIG THF Falt AuTe

*HOIIRL Y ENTRTFS FNAR EACH APCD AMD STTF AS TNEMTTFTED RY THp

tHHIMBER OF NBSFERVATINNS, Nt

tETTHRER THE HIPPER CONFIDEMNCE | TMTT, i

NR MAXTMIIM VA VIF, MAY

2060 DRTNT, t THE MEDTAMN VAN LIE, MEDY
PRINT, *FITHER THE LOWFR COMFTIDENCFE | TMTT, LI OR MTMTMIM VAI 1IF, MIN

207N
*
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COPY ®LARSEN TO TEL TEXT = 2/Uts 75

10

=20

L1E)

40

oY f]

ELn
b1

60

TU

80

Qu

100
© 110
120
150
~140
1h0
160
170
180
190
195
20U
210
2z0
230
240
250
260
270
280
290
304
310
20
320
3u0
350
360
370
380
390
400
410
42U
430
Lug
450
4el
470
a0

- 490

501
Hio
520
530
1Y)
hH0D
560

PRINT CHAR112)
PRINT o
PRINT IN FORM "“abB 10% s ":TDATE
PRINT -
PRINT SILABILARSEN=~FOR DATA STATISTICS AND/OR LARSEN'S MOD
PRINT " LATEST REVISION =~ 1/31/75"
PRINT ¢
PRINT » QUESTIONS? CALL PAUL ALLEN 8=432«4877%
PRINT
GOTO 1iu

LINK "“biAB}LAREXP®

PRINT *» PROGRAM EXPLANATION (YES OR NO) "¢
INPUT DOY®»

IF DOY% = “YES™ THEN 10U ELSE 140
PRINT -
PRINT
PRINT » © JOB TITLE =
INPUT ‘DES»
PRINT .. .
PRINT * ARE YOU INPUTTING A DATA FILE (YES DR NO)} ™3
UN$ = YN
INPUT Aw
IF A% = “YES™ THEN 30
IF A% = "NO“ THEN dl&U ELSE 190
PRINT &
PRINT » FILE NAME = n3
INPUT FIL® '
PRINT . . :
PRINT * NUMBER OF ROWS IN YQUR FILE ="}
INPUT ‘IT
PRINT :
PRINT » NUMBER OF COLUMNS IN YQUR FILE =n:
INPUT (T
PRINT -
PRINT . & :
PRINT » HOW MANY COLUMNS TO BE INCLUDED IN THIS RUN "3
INPUT SJJ '
PRINT &
OPEN FIL%»1»SYMBOLIC»INPUT:SEQGUENTIAL»OLD
ON ENDFILE 1 GOTO 41u
DIM NUGITeT)e MiJude TOT(2)
MAT INPUT FROM 1: N
CLOSE - 1 ‘
IF U = T THEN 430 ELSE 470
FOR L'z 1 TO 7
MIL) = L
NEXT b
GOTO 510
PRINT » COLUMN NUMBERS TO BE USED IN THIS RUN ARE2":
FOR t=.1 TO Uy
INPUT. ML)
NEXT =
PRINT - - :
PRINT » INTERVAL FOR DATA SEARCH -(CELL TNTERVAL) = »:
INPUT FGW
PRINT
SUM=0 .
NEG =0
v 321



570
HE0
590
600
610
620
60
640
650
660
670
A80
640
TLU
710
720
T30
T40
750
T6U
770

© 780

T90
800
810
820
850
8490
850
860
B70
H80
H890
Q0u
G1l0
G20
930
940
9h0
" 960
Y70
980
guf
1000
1010
1020
1030
1040
1050
1060
1070
10K0
1090
11009
1110
1120
1130
1Y40
1150
1160

FOR L= 1 TO JuJ

A = ML)

FOR K = 1 TO II

IF NiKrA) = =1 THEN 630
SIUM = NiKeA) + SUM
GOTO 40

NEG = NEG 4+ 1

NEXT &

NEXT L

MR = SUM/ (IIxJJ=~NEG)
DIFF = ¢

FOR L =1 TQ JuuJ

A = ML)

FOR K =1 T0 11

IF N(KeA) = =1 THEN 700

DIFF = DIFF + (NtKrA) = MP)*xZ
NEXT K '

NEXT L

SD = SARTUADIFF/(IT*JJU=NEG=1))

Slm = ¢

D = MP -~ Ghr2
B = MP + SDr2
FOR L = 1 TO WJ

A = ML)
FOR K = 1 TO 1I )
IF NiKeA}) = =1 THEN 8HU

IF NtKsAYDB THEN B SEN1Ke A)

IF N(KrA)< D THEN D = N(KeA)

NEXT K

NEXT L. '
PRINT *» DO YOU WISH DATA LISTING (YES OR NO) "¢
INPUT AN% :
IF AN% = »YES™ THEN 910

IF AN% = "“NO"™ THEN 1200 ELSE 8!0

PRINT CHAR(1Z2)

PRINT CHARti10)

PRINT IN FORM "“3bB 10w /"'TDATE

PRINT

PRINT SDACFtuu-ROUND(.b*tLENGTHtDES&);}3'DES$

PRINT CHAR 110}

PRINT * DATA®
PRINT CHAR (10)
FOR C =1 TO JUJ

PRINT TAB(6%C +9):MIC)?
NEXT C

PRINT

PDA = bh+axgy

FOR% = v .

FOR I = 1 TO PDA

FOR® = FORY + vx*
NEXT. I

FORS: = . * + FORS
FOR® = "%» + FOR% + %mwn

PRINT TN FORM FORw%$

PRINT CHAR (10}

FOR K = 1 TO I1

PRINT IN FORM "4l 4@ Ye=v BR "tk
FOR L = 1 TO U

A = ML}

PRINT IN FORM "%hen's BU"IN(KrA)
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)lu:

1690 FOR K = 1 TO I1 . ’
1700 TF N(KeA) < U THEN 1720 S
1710 IF N(KsA) < TEST + FGWrs/10 THEN PCUM = PCUM + 1
1720 NEXT K
1750 NEXT L
1740 PCUM = PCUMZ{1ITI*xJJ)=NEG)
170 IF PCI = PCUM THEN 1%00 ELSE 1760
1760 PRINT IN FORM “4B 4% ,2% Yw=t w3 (TESTXFGW)
1770 T = PCIM=PCT
1780 BILL = ROUND:{T%SSSS)
1790 TOM = TOM + BILL 3
140U FOR T = (SSSS=TOM+1} TO (SSSS=TOM+BILL) STEP 1
1810 CRNK = CRNK + I
1820 NEXT 1
1830 MRNK = CRNK/BILL.
1840 CUMP = (MRNK=,4)s55%S
1850 REM BILL = NUMBER OF OBSERVATIONS FOR VALUE TEST IN DATAFTLE
TOM = CUMULATIVE NUMBER OF OBSERVATIONS :
1460 CORD = "PlH Bhmamnt POG Shhan%h PH1 BHe®hh POHL BH%E%% e %"
1467 CUMP = CUMP * 100,
18658 PPUM = PCUM % 100.
1869 T = T * 100,
1870 PRINT IN FORM CORD:TePPUMsCUMP»BILL
1HAU PRINT
1490 PCI = PCUM
1900 NEXT TEST
1910 DO 150U 1HUD
. 1920 GOSUH 4980
1930 SGB = EXP(I=SARTULI*x2=Lx|_0GIR/MP) })
1940 MGB = B/(SGR-I)
1950 PRINT " FROM MAXIMUM OBSERVED VALUE AND ARITHMETIC MEAN: (%)™
1960 PRINT
1970 PRINT IN FORM *108 YSTANDARD GEOMETRIC DEVIATION = ' %h,%%% / ":SG6
B
1980 PRINT IN FORM "10B 'GEOMETRIC MEAN = ¥ %%.%%% /"3IMGR
1990 PRINT CHARt10)
2000 SGRC = EXP{SQART(LOG(SD®*x2/MP%xx2+1)) )
2010 MGBC = MP/EXF{U.H*L0OG{SGBC)®x2)
2020 PRINT » FROM ALL OBSERVED DATA:"
2030 PRINT ‘
2040 PRINT IN FORM "10H YSTANDARD GEOMETRIC DEVIATION = ' %h.%%% /"SGR
c
2050 PRINT IN FORM “10B *GEOMETRIC MEAN = ' %%.%%  /"IMGRC
2060 PRINT :
2070 PRINT » t*x} REFERENCE APR=HY"
2080 PRINT CHAR(112}
2090 PRINT , _
210 PRINT » USE LARSEN'S FREQUENCY FOR PLOTTING ON LOG=RPROBARBIL
ITY PAPER,"
2110 PRINT CHAR(1U)
2120 PRINT » B DO YOU WANT A LARSEN'S MODEL ANALYSIS"
2130 PRINT » ON YOUR DATAFILE AT THIS TIME(YES OR NO)"™:!
2140 INPUT AA®
215U PRINT CHAR(10)
2160 IF AA% = "YES"™ THEN GOTO 2790
2170 IF AA% = "NO™ THEN GOTO 5190 ELSE 2120
2180 PRINT
2190 PRINT © N0 YOU HAVE DISTRIBUTION STATS(1) OR A FREQ DIST.(2
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2200
z210
z220
2230
2240
2250
2260
2270
2271
2280
2290
2300

. 2310

2520

L2340

2350
2360
2361

ATy
2370

2389
2390

2400
2410
2420
2430
J -_h
T
: [ 1]
2450
2460
2470

L 2u80

2u9Q
2500

S 2b10

2520
2530

Ce2bii

z55b0
zhbi

© 2bhg

. 2559
2bbh
25hb
2bb6
2hbh7
SIum

T zbhg

zbby
2b60
2b70
. 25h71

= 2580

2590
2bUi

2610

2hel

R

INPUT YQ

PRINT

IF YO = 2 THEN 2380

IF Y@ = 1 THEN zz4t ELSE 2190

DIM FR(1)

L9y = 1 ‘ T :
PRINT *» INPUT MAXIMUM ORSERVED CONCENTRATION™S
INPUT FR(LYY)

B = FRULYY)

PRINT ‘ o _

PRINT » INPUT NUMBER OF OCCURRENCES OF THIS MAX.":
INPUT NCM \ '

PRINT

PRINT » - INPUT THE SAMPLE STZE":

TNPUT SAamP .

PRINT .

PRINT » - INPUT THE ARITHMETIC MEAN™?

INPUT MP .

PRINT e e

DO bz:b4y -

GOTO 3100

PRINT CHAR(10)

PRINT = : TNPUT THE NUMBER OF INTERVALS IN THE DISTRTBUTTON"™:

INPUT LYY
PRINT

DIM FRULYY) » PFRILYY) s CYMP(L99)
PRINT A ENTER THE CONCENTRATION AND ITS FREQUENCY (LO TO HT

PRINT " (ENTER FREQUENCIES IN PERCENTAGES I.E. TYRE 35 FOR

PRINT db% = SUM OF ALL FREQS SHOULD APPROXIMATE 1004) "

PRINT

GDON® = “FOR TINTERVAL NO. ™
PND® = »BB 17% H 3% ®

FOR u = 1 TO Low

PRINT "IN FORM PND%: QDN J

INPUT FR(J)nPFR(dJ

PRINT

IF U = 1 THEN GOTO 25U

IF: FR(U) < FR(U=19 THEN 2430

NEXT J o

S5IUM = o

FOR I = 1 TO LYY

STUM = SIUm + PFR\I)

NEXT I.

IF'STUM> 102, THEN 2bbY

IF: STUM<YR, THEN 2557 ELSE &bs60

PRINT IN FORM "“8BR YTHE SUM OF YOQUR FRE@UFNCIFS =Y W%k hw YTHY sy

PRINT » THIS SUM MUST BE WITHIN 2% » TRY AGAIN."
GOTO 2430 ,

PRINT " INPUT THE SAMPLE SIZ2E FOR THE DISTRIBUTION":
INPUT SAMP .

DO b20:540

PRINT

MPiz o

FOR y = 170 Lyy

MP MR+ FRid} * DFR(J)/IUU
NFXT J
} 325
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2630 SUM = D
2640 FOR U = 1 TO LYY

2650 SUM = SUM + (FRIUU*xZ) % PFR(J)/Z100

2660 NEXT U

2670 D = FRt1)

26H0 B = FR{LYYIsCYMPLL) s LYMP(Z) = D

2690 FOR U = 2 TO LY99+1 -

2700 CYMP(J) = CYMP(J=~1) + PER(J~]1}

2710 IF CYMPULJ) < HU. THEN 2740

2720 IF CYMP(J)=5Us < H0.=CYMP(J~1) THEN TEST = FR(J=1) ELSE TEST=FR(J-
o) '

2730 GOTO 27hy

2740 NEXT o

2750 SD = SARTISAMP/ (SAMP=~1) * (SUM =~MP%x%2))

276U GOTO 120u-.

2770 GOSUB SUbU—

2780 GOTO 30yl

2790 SAMP = ITIxJu=NEG

2791 PRINT ‘

2800 PRINT *» DO YOU WANT A FREQUENCY LISTED FOR EACH VALUE IN TH
E" :

2810 PRINT » LARSEN DISTRIBUTION (YES OR NO) ™:

820 INPUT FiLw

2521 PRINT

2830 IF FLiL® = YYES'THEN 2550

2840 IF FLL® B 'NOY THEN 2800

2B4r PRINT = ,

2850 PRINT » DO YOU WANT AN ANALYSIS FOR 1=HR AVE. TIME v:

2860 INPUT TTw

ZB61 PRINT

2870 IF TTe = "YES"™ THEN 28U ELSE 2900 ‘ :
28480 PRINT » INPUT STANDARD FOR 1=HR AVE. TIME (SAME UNITS AS DA
Ta) ™
2890 INPUT OHST

2%50 PRINT

2910 DO 3110 312U

2920 PRINT ‘ '
2930 PRINT =» HOW MANY OTHER AVERAGING TIMES DO YOU WANT ANAILYZED

z940 INPUT NY&

2Ub0 IF NuHs = U THEN 3035

2960 PRINT

2970 DIM ATS (NYE) »CY9Y (NYE)

29H0 PRINT » INPUT THE AVERAGING TIMES (HQURS) ":

2940 MAT INPUT ATS -

3000 PRINT

3011 PRINT » INPUT THE RESPECTIVE STANDARDS(SAME UNTTS AS. DATA)™

-
*

3uzH MAT INPUT Cuy

5050 PRINT

3035 PRINT

SUL40 PRINT v WHAT SAMPLE SIZE FOR 1=-HR AVE. TIME DO YOU WANT™
3050 PRINT » YOUR SAMPLE EXPANDED TO (HOURS) "3

2060 INPUT OQHSS '

S065 IF N9t = U THEN »1us

070 IF TTy = “"NO"™ THEN 3230

2U8L GOTO 3130

2090 PRINT
S095 DO 1910:21bu
3096 IF AA® = YNO' THEN 5140
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3100 DO 2800 2900 292U BULT0

3108 IF UN% = YPEM' THEN »130

3109 IF UN% = YPPHM' THEN 3130

3110 PRINT » WHAT UNITS ARE YOUR DATA IN(PPM OR PPHM)"™:
3120 INPUT UNs

3130 PRINT CHAR(12)

3140 PRINT CHAR(10)

5150 PRINT CHAR(1U0)

3160 PRINT IN FORM "“35B 10% /“:TDATE

3170 PRINT

7180 PRINT SPACE(40~ROUND ( «B* (LENGTH(DESS) )) ) !DESS

H198 PRINT CHAR(10L)

2200 MUTe = YSTANDARD GEOMETRIC DEVIATION = ¢

3210 PIR = 1/SQRT(2xPI) )

3220 EAT® = 'YFROM SAMPLING PARAMETERS = v

- d230 IF A% = “YES"™ THEN 3290

»240 GOSUB 477U )

3250 SGB = EXPLI = SARTII®%xZz = 2%L0G(FR(LY%)/MP)))

3260 IF YQ 8 1 THEN 3280

32710 SD = MP*GSQRT(EXP(lLOGlSGB))‘d}-I))

3280 MGB = Bri(SGB-1)

3290 PRINT .

3501 FREQ@ = .6/0MSS

33510 GOSUR 4570

3220 C = MGBXSGB**2

3030 IF TTe = "NO" THEN 3770

3540 PRINT ™ STATISTICAL PARAMETERS FROM 1=HOUR AVERAGING
TIME DATA"

3550 PRINT : : _

3560 PRINT IN FORM “23B 'ARTTHMETIC MEAN = ' %ih.%%% /"IMP
3370 PRINT IN FORM "23B YSTANDARD DEVIATION = ' Wt %%% /"2SD
3580 PRINT

S390 PRINT IN FORM "19B 'FROM MAXIMUM OBSERVED VALUE AND ARITHMETIC MEA
NgYy »eg

. 240U PRINT CHARt10)

3410 PRINT IN FORM “23B 'STANDARD GEOMETRIC DEVIATION = ' %%h.%%% /" :1S5GB

24204 PRINT IN FORM »23B 'GEOMETRIC MEAN = " %%e®% /" :MGB

3430 PRINT CHAR (11U) ' '

Ay PRINT » EXPECTED MAXIMUM 1-HOUR CONCENTRATION®

S450 PRINT TN FORM "“19B 'FROM SAMPLING PARAMETERS = Bhew . B 4% /sM™iCol)

N _ :

286U PRINT

S470 PRINT IN FORM »19B *NUMBER OF TIMES AMBIENT AIR QUALTITY /"™:

2480 T = (LOG(OHST) =~ LOGIMGE))/LOGLSGR)

3490 GOSUB 4400

B0 N3hXx = ROUND ( OHSS*FREQ)

551U PRINT IN FORM »19B 'STANDARD OF ' B %hwens B 4% B 'T0O BE EXCEEDEND =
v 4w B YPER YEAR'Y/Z"IOHSTrUNS»r N85 X

3H20 PRINT CHARUL1U?

3530 IF FLLY = *NO* THEN 3740

3540 PRINT IN FORM “14B 'PREDICTED LARSENS FREQUENCIES FOR 1=-HNUJR CONCE

NTRATIONS? 7703

3550 PRINT IN FORM “20B *CONCENTRATION 148 YLARSENS FREQUENCYY /%

3560 PRINT IN FORM "24B wmwan 248 % =ORD' /":UNS

3570 PRINT

3575 LOOP = ROUND(C/FGW) xFGW

3580 FOR U = FGW TO LOOP STEPRP FGW

2996 T1 = (LOG(S) = LNGIMGB) ) /LOGtSGR)

3610 GOHSUB &uup
' : - 327



T TR S ] : -

2619 F = Fx100.
3620 PRINT IN FORM “22B She%% 268 %%enkoeh /" 1JeF
3720 NEXT J

w. 3730 PRINT CHAR{(1U)

T 3740 PRINT IN FORM ™13H 'SAMPLE SIZE =' B 4%//":0HSS

& 3750 PRINT ™ ALL CALCULATIONS REFERENCE AP-~89"

2760 PRINT

3770 PRINT CHAR(12)

37RO PRINT

3790 IF NY8 = G THEN b1%0

3800 FOR K = 1 TO Nus

2 3810 GOSUR 4860
3820 CX = (Cr(ATS(K)*%Q))
5830 PRINT IN FORM "3bB' 10% ,»:TDATE

x 38410 PRINT i
: 5850 DO »180
2860 V = LOGIOHSS/ATS(K) 1 /L0GLOHSS)

3870 BOM: = “STATISTICAL RARAMETERS FROM®
_ 3880 COM®» = »=HOUR AVERAGING TIME DATA"
S BBYL FOM® = "12B 27% B % zbw sv

5900 SGRYT =

SGB **%x SQRT(V)
3910 PRINT CHAR(1UD) :
3920 PRINT IN FORM FOMS: BOM$;ATS(K).COM$
3950 PRINT
oYU MGBL = MGB *x SGHB *xx {U.b * (1=V) % LOG(SGB)*x2)
39BU PRINT IN FORM m23B "GEOMETRIC MEAN = ' %%.%%% 7V IMGR1
3960 PRINT '
397U PRINT IN FORM »238 *STANDARD GEOMETRIC DEVIATION = ' %%, %%% /" ISGR
1
3UR0 PRINT CHAR(10)
3990 T1 = (LOGICYYIKI) = LOG(MGBL1))/L0G(SGB1)
4nun GOGY = HEXPECTED MAXIMUMY
401U GOT® = "=HOUR CONCENTRATION"™
4020 HGO%w = »1YB 1A% R L% 1U% %
4030 PRINT IN FORM HGO®:GOGHIATS(K) »GOTYS
LO04o PRINT IN FORM "198 'FROM SAMPLING PARAMETERS = ' %%.%% B 4% /":CXs
LiN% : ’
LU0 PRINT CHARt1L)
Lusl GOSUR yupo
LUT0 DO 347U
4080 NATX = ROUND ( (tOHSS/ (ATS(K) ) )%xFRE®)
4Ug0 PRINT IN FORM "14B 'STANDARD OF ' 2%.2% B 4% * TN BE FXCEEDED =¢
B 4% B "PER YEAR'/"ICOU{K)rUNSEPNATX
L1000 PRINT CHAR (10) ’
4110 TF FLL® = YNO' THEN 4310
4120 PRINT IN FORM "14B *PREDICTED LARSENS FREQUENCIES FOR ' 4% '=~HOUR
CONCENTRATIONSY //%:ATS(K)
4125 DO 3549y _
- 4130 DO b6l -
o 4140 PRINT s
145 LOOP = ROUNDI(CX/FGWIXFGW
4150 FOR U = FGW TO LOOP STEP FGW
r 4160 I1 = (LOGtJ) = LOGIMGB1))/LOGISGB1)
4180 GOSUB 440n
L1BY F = F*100,
4190 PRINT IN FORM "22B wmhedin Z6B Bu%%%'« s IJrF
4z90 NEXT O .
4300 PRINT CHAR(10) . .
4510 PRINT IN FORM v12B 'SAMPLE SIZE = 4% /% 3IROUND (OMHSS/LATSI(K) V)
4520 PRINT CHARt1U) ‘ °
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< usse

4auQ
4xho0
4360
0370
4380
L4390
43599
Lagn
Lyp]
Lupz
4416
Luzo
4450

Labu
Lghh
Luasp
Ly
L4480
4490

- 4500

4510
4520
4b30
4531
4570
LoBU
L.54i0)
4eby
4610
Lezu
Loso
4640

46bh0
4660
670
4680
4euly
4700
4710
4720
47320
4740
4750
4760
4770
4780
4790
LHQU
4510
4820
4850

T VI g

4850
" LB60

4570
4880

PRINT » " ' ALL CALCULATIONS REFERENCE AP=Hy"
PRINT CHAR{1%Z)

NEXT K

PRINT

PRINT CHAR(1UL)

G0TO 190 :

REM THIS 1S BEGINNING OF SUBROUTINES

REM. SUBROUTINE FROM LARSEN TO CALCULATE AN F FROM A 7
z =11

DEF: FN22FR(F)

DOUBLE F»2

TTS 1/(1+042516419%F)

ww = U dYBOUZ2HULR {EXP (=0 HXFXF ) )

@ =1 - WW*tU.o19oblbo*TT-u.obbﬁ637H2*TT*TT+1 TBIUTT7A3IT*TT~3

~1l.82125097h%TT =441, 330274420%TT~5)

RETURN @&

END-

SNZ. = SGNt2)+2

ON SNZ GOTO 4bUDe4LEBUYLH20

F = 0.b

GOTO 453v

F =IFNZ2FR(ARS(12Z))

GOTO u4h>u

F =1 = FNZ22FRt2)

FRE@ = F

RETURN _

REMY SUBR FRE®@ TO GET 2

F ="FREQ

SNF "= SGN(F=,5)+2

DEF FNZ(F)

DOUBLE F

DOUBLE 2

_WF = LOGt17IF=~2)1=eb

4 WR=(2.515917+0, &Udbbb*WF+U DIUI2BRWF ~2) /s
Cl+1 4527852 WF +U ¢ 189269%WF ~2+0, 0013DBXWF ~3)

RETURN 2

END ‘ -

ON - SNF GOTO 46sUr 47ALe 4750

IF F=0 . THEN 710

2 = FNZ(F) _ _

GOTO 4760 . : ' _ _

PRINT “ANS DEVIA = +,= INFINITY » PROB = "R

GOTO. 4760

Z T

GOTO 4760

2 "-(FNZ(l—F))

RETURN

REM - CALCULATION OF Z FOR MAX ARSERVED VALUE

AREA = Geb

IF YO = 1 THEN 48510

NCM;: ROUND(PFR{LLYY) %*SAMP/100)

RK =:NCM * 0.5 + 5 ‘ '

F = (RK =u4)/SAMP |

GOSYB 4590 -

I = 2 . \ -

RE TURN ;

REM ° CALCULATION OF ‘@ SLOPE OF MAXIMUM CONCENTRATION LTINE
FOR 1=-HOUR AVERAGING TIME STANDARD

IF SFB54 949 THEN Qm=.bYy .

IF SGBR> 4,9% THEN® RE TURN
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LHuau

DIM QARL400)

Lopy SGGB = 10U * SGB

4910 SSGB = ROUNDISGGR) + 1

420 E = SSGB=1LU

4930 OPEN “SHILABIQFIL v SYMBOLIC» INPUTSEQUENTIAL»OLD

4440 MAT INPUT FROM 1:Q0

Lobo CLOSE 1

4960 Q = QRE)

4970 RETURN

4980 REM SUBROUTINE TO CALCULATE 2 FOR MAXIMUM OBSERVED VALUE
IN DATA FILE ANALYSIS

4990 NOM = BILL

Hutul RNK = BILL*.H + Wb

5001 IF Y@ = 2 THEN F = {RNK = J4)/S5AMP

Hone IF YA = 2z THEN H020

BD1U F = (RNK = o4)/7t¢IIxJu = NEG)

Hozu GOSUB 4590 ' : ¢

Huso 1 = 2

H04) RETURN

050 REM SUBROUTINE TO CALCULATE FREQS» CUM FREQS» LLARSEN' FREQS»
AND NUMBER 0OF OCCURRENCES FOR STATISTIC PAGE OF FREQ DIST

INPUT PLOT

5060 DO 1860 ,

5070 PCUM = U»CRNK=D

5080 FOR J = 1 TO L9y

5085 CRNK = U—-

5090 PRINT IN FORM "4B 4me.2% Y==' "IER(J)

5100 T = PFRRIJI 2100,

511 PCUM = PCUM + T

5120 BILL = ROIND(T»SAMP)

5130 TOM = TOM+BILL

5131 FOR I = (SAMP=TOM+1) TO (SAMP=TOM+BILL) STEP 1

Hldz CRNK = CRNK + 1

5133 NEXT 1

b1lab MRNK = CRNK/BILL

5140 CUMP =(MRNK = 44)/SAMP

5157 CUMP = CUMP = 100,

5158 PCUM = PCUM = 100,

Hibe T = T » 10U,

5160 PRINT IN FORM COR®:T+PCUMCUMPPRBILL

5161 PCUM = PCUM/1UU, '

5162 T = Tr100U.

5165 PRINT

170 NEXT J

5180 RETURN

5190 END
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